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STUDIES OF THE DIFFERENCES BETWEEN BIURET AND 
KJELDAHL DETERMINATIONS OF SERUM PROTEINS 


I. EXPERIMENTAL PERITONITIS 


GrorcE R. KInGsiey, M.S..* anp L. A. Terztan, Pu.D.+ 
PHILADELPHIA, Pa. 


A PREVIOUS report on patients with liver disease! established definite 
differences in the results of determinations of serum proteins by biuret 
and Kjeldahl methods. A further comparison of these methods was made in 
experimental peritonitis in dogs to confirm previous findings in similar diseases 
in human individuals. As indicated previously, it is not known whether the 
changes observed represent a gain or a loss of nitrogen or of peptide linkages. 


lor convenience they are described in terms of net change of biuret reactivity. 


METHODS 


All protein determinations in this investigation were made simultaneously by the 
macro-Kjeldahl and biuret methods,?2;3 using the ether-sodium sulfate method4 for the 
separation of albumin and globulin. Fresh, unhemolyzed serum from blood samples taken 
either by vein or cardiac puncture was used. Adult mongrel dogs weighing an average of 
16 kilograms were used. Prior to operation, small doses of morphine and atropine were 
administered subcutaneously. Ether anesthesia and aseptic technique were employed. 
Spreading peritonitis was induced according to the procedure described by Bower, Burns, 
and Mengle.6 The appendix and its mesentery, together with all its blood vessels, were 
ligated and the appendix was traumatized. Sixty to 90 ml. of castor oil, varied according 
to the weight of the animal, were administered by a catheter immediately following op- 
eration. Water was withheld for forty-eight hours to avoid persistent vomiting. Simple 
laparotomys were performed on control animals exposing the viscera without ligation of 
blood vessels or traumatization of the appendix following the same anesthetization as in the 
experimental animals. Plasma volume and blood volume were estimated according to the 


method outlined by Gibson and Evans.6 


EXPERIMENTAL 


Induced spreading peritonitis in dogs apparently caused an average de- 


crease of biuret reactivity of globulin of 0.66 Gm. per cent (Table 1), with a 
standard error of + 0.08. This value is highly significant. Nine out of ten 
inimals showed a significant difference in serum globulin as determined by 
iuret and Kjeldahl methods. Apparently the change occurs soon after the 
levelopment of peritonitis, since this difference was fairly uniform from the 
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DIFFERENCES BETWEEN BIURET AND KJELDAUL DETERMINATIONS BEFORE AND 2 TO 
10 DAYS AFTER SIMPLE LAPAROTOMY IN 3 DOGS AND SPREADING 
PERITONITIS IN 10 Dogs 





TABLE I. 














DIFFERENCE, KJELDAHL MINUS BIURET 








BEFORE OPERATION AFTER OPERATION 
ALB. GLOB. ALB. | GLOB. 

(GM. %) (GM. %@) (GM. %) (GM. %) 
Standard deviation, laparotomy 0,13 0.17 0.13 0.138 
Standard deviation, peritonitis 0.07 0.06 0.04 0.66 
2.6 x std. dev., laparotomy +0.34 +0.44 +0.34 +(0.34 
2.6 x std. dev., peritonitis . +0.18 $0.16 +0.10 +1.72 





Number of dogs with changes in serum albumin and globulin after operation 
greater than 2.6 times the standard deviation (elevated, +; no significant 






change, 0; reduced, 








ALBUMIN GLOBULIN 






0 t 0 
Laparotomy 0 3 0 0 3 0 
Peritonitis l 8 ] 9 I 0 






second to the tenth day following the operation. No significant change oe- 
curred in the albumin biuret reactivity or total N during the same period. 
Average differences between protein determined by biuret and Kjeldahl N 







methods in both albumin and globulin were within normal limits before perito- 






nitis was induced, and similarly, average differences in the control (laparot- 






omy) animals were not significant. In spite of a large loss of 8 to 31 per cent 






(18.9 per cent average) of total circulating plasma protein, an increase of 0.4 
Gm. per 100 ml. was observed in total protein by the Kjeldahl determination, 
probably as a result of dehydration. However, the biuret determination in- 
dicated no change in total protein before and after peritonitis. The Kjeldahl 








determination indicated a decrease in A/G ratio from 1.66 to 1.09, while a 
smaller decrease from 1.67 to 1.59 in A/G ratio was shown by the biuret 













method. 







DISCUSSION 





It has been shown! that liver disease will cause changes in the normal re- 
lationships between total N and biuret N in serum proteins, especially globulin. 
The degree of loss of biuret N in globulin in experimentally induced peritonitis 
is similar to that observed in cirrhosis. A comparable change in experimental! 







peritonitis after two to ten days may be due in part to the rapid loss of large 





amounts of circulating plasma protein which placed an additional burden on a 
liver already actively involved and further impaired by the toxemias of the dis 
ease. Since these dogs ate little during the acute phase of the infection, mal 








nutrition may have been an additional factor. 







SUMMARY 






1. Indueed spreading peritonitis in dogs produced differences in serun 





globulin determinations by the biuret as compared with total nitrogen meth 





ods. These differences were similar to those observed in cirrhosis. 





2. No corresponding changes in the albumin fraction were observed. 
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STUDIES OF THE DIFFERENCES BETWEEN BIURET AND 
KJELDAHL DETERMINATIONS OF SERUM PROTEINS 














EFFECT OF OCCLUSION OF THE HEPATIC ARTERY AND LIGATION OF THE 









GASTRODUODENAL ARTERY ON SERUM PROTEINS 






GEORGE R. KINGSLEY, M.S.,.* anp ALBERT A. BEHREND, M.D. 
PHILADELPHIA, Pa. 









A PREVIOUS report on patients with various diseases' and one on animals? 
established definite differences in the results of determinations of serum 
proteins by biuret and Kjeldahl methods. Further comparison of these methods 






























was made following occlusion of the hepatic artery and ligation of the gastro- 
duodenal artery in dogs to determine the effect of a disturbance of arterial cireu- 
lation and nutrition of the liver upon the biuret and Kjeldahl N relationship in 
serum proteins and in addition to establish the relationship ef this liver impair- 


ment to previous findings in liver disease. 


METHODS 


All protein determinations were made simultaneously by the macro-Kjeldahl and _ biuret 
methods.3,4 The ether-sodium sulfate method5 was used for the separation of albumin and 
globulin. Only fresh unhemolyzed serum was used for all determinations. 

Sodium Amytal intraperitoneally was used for anesthesia. A partial clamp was applied 
to the hepatic artery which was gradually tightened from one to eight minutes during the 
two or three weeks following the operation on three dogs. Cellophane was placed and held 
by two to three Michel skin clips around the hepatic artery to produce occlusion in fourteen 
other dogs. The gast roduodenal branch of the hepatic artery of all dogs was double ligated 
and divided at the time of operation. Ten or more weeks later the hepatic artery was ligated 
at the point of occlusion. Repeated determinations of serum proteins (biuret and total N), 
urea, nonprotein nitrogen uric acid, hemoglobin, sugar, cholesterol, and cholesterol ester were 


made on the blood of the dogs for periods up to 120 days following the initial operation. 
RESULTS 


In every dog in the periods studied (Table 1) a loss of biuret reactivity 
occurred in the globulin fraction. The average loss of biuret N in the globulin 
fraction from the second to the one hundred and thirtieth day after the opera- 
tion was 0.36 Gm. per cent (Fig. 1, Table I). 

There was a gradual return to normal in the biuret N/Kjeldahl N ratio of 
the globulin following the operation from a loss of 0.40 Gm. per cent biuret N 
to 0.08 Gm. per cent on the thirty-fifth day. Losses occurred again until 0.58 
(im. per cent globulin biuret N had been reached on the fifty-fifth day, after 
which a slow recovery occurred until the one hundred thirtieth day when a 
smaller loss of biuret N of 0.30 Gm. per cent was reached. No average signifi 
eant gain or loss in albumin biuret N occurred in the 130 days following the 
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aia teceived for publication, Feb. 14, 1949 
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operation (Table I). However, the albumin values represented digrammatically 


in Fig. 1 show an irregular loss of albumin biuret N in the first thirty-five days 
following the operation from 0.1 Gm. per cent to —0.20 per cent. 


+#0.5 = 


0.0 





ge in Biuret N 


' 
oO 
* 
w 





Gms. % Chan 





25 Days 50 1b) 





Fig. 1.—Diagrammatic representation of gain and loss of biuret linkages (Gm. % N) of 
serum proteins in dogs after occlusion of the hepatic artery and ligation of the gastroduodenal 
artery (data from Table I). 


TABLE I, DIFFERENCES BETWEEN BIURET AND KJELDAHL DETERMINATIONS FOLLOWING 
OCCLUSION OF THE HEPATIC ARTERY AND LIGATION OF THE GASTRODUODENAL ARTERY 


DIFFERENCES, BIURET MINUS 


| BIURET KJELDAHL 
NUMBER OF DAYS AFTER | ALB. | GLOB. ALB. | GLOB. 
DOGS OPERATION (GM. %) | (GM. %) (GM. %) | (GM. %) 
i DP: ee” a" ae | aa a 

7 3-10 aod 2.2 0.1 —0.4 

1] 11-30 3.0 3.4 0.1 —(3 

10 31-50 2.6 3.2 —0.1 —0.1 

8 51-70 3.0 2.9 0.2 —0.6 

13 71-90 2.9 3.0 0.0 =) 4 

8 5 ee 0.0 —0.3 


91-130 


Albumin biuret N increased from the thirty-fifth dav to the sixty-fifth day 
Wen a gain of 0.30 Gm. per cent was shown. The biuret ‘Kjeldahl N ratio 
''urned to normal on the seventy-fifth to eighty-fifth days. The greatest aver- 
ace loss of albumin biuret N oceurred on the thirty-fifth day. There was an 
ajparent relationship between the simultaneous gain of albumin biuret N and 
of globulin biuret N, and loss of albumin biuret N and gain of globulin 
The highest globulin biuret N occurred at the 





ret N as shown in Fig. 1. 
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time of the greatest loss of albumin biuret N, and the reverse occurred when 
the greatest loss of globulin biuret N was reached at the approximate time of the 





gereatest increase in albumin biuret N. A few animals, Dogs 405 and 427 






(Fig. 2) and Does 479 and 723 (Fig. 3). showed marked reversal in their loss 






and gain of biuret N in albumin and globulin. <A gain of globulin biuret N 
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Fig. 2.—Diagrammatic representation of gain and loss of biuret linkages (Gm. % N) of 
serum proteins and hemoglobin in dogs after occlusion of the hepatic artery and ligation of th 
gastroduodenal artery (data from Table I). 
was reflected in a simultaneous loss of albumin biuret N, and loss of globulin 
biuret N occurred when there was a gain of albumin biuret N. This direct re- 
lationship was continuous throughout all periods studied after the dogs were 
operated upon. 

Hemoglobin levels had a direct quantitative relationship to the biuret 
changes in albumin and globulin, as shown in Dogs 405 and 427 (Fig. 2). Loss 
of albumin biuret N aecompanied loss of hemoglobin, and an increase in hemo 
globin occurred with a gain in albumin biuret N. However, only these two 
dogs had abnormally low hemoglobin levels. 

All dogs showed no significant change in whole blood urea N, nonprotein 
nitrogen, uric acid, glucose, and serum cholesterol and ester. Only a few dogs 
showed slightly lowered hemoglobin levels. 

All dogs were examined at autopsy, and sections of the liver, spleen, and 
arteries were taken. Histologic findings are to be reported elsewhere. The 
hepatie artery was completely occluded except in three dogs in which ocelusio1 
was almost complete. 

DISCUSSION 


The most persistent change in the serum proteins of dogs following oecel 
sion of the hepatie artery and ligation of the gastroduodenal artery is the loss 
of globulin biuret N. This is also the most typical change in the serum proteins 
of patients with liver disease.1. This similarity would indicate that impairme! 
in arterial cireulation and nutrition of the liver produces structural chang: 





within a relatively short time in the serum proteins which are observed i 
cirrhosis after much more time has elapsed. The large loss of globulin biur 
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N immediately after the operation in the dogs (Fig. 1) probably results from 
the ligation of the gastroduodenal artery. Apparently collateral circulation to 
replace that of the gastroduodenal artery is established in the first thirty-five 
days following the operation since the globulin biuret N returned to almost 
normal. However, there is a gradual loss of albumin biuret N during this 
time. This inverse relationship of the biuret N of albumin and globulin is 
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Fig. 3.—Diagrammatic representation of gain and loss of biuret linkages (Gm. % N) of 
serum proteins and changes of hemoglobin in dogs after occlusion of the hepatic artery and 
ligation of the gastroduodenal artery (data from Table I). 


very clearly shown in individual Dogs 405 and 427 (Fig. 2) and 479 and 723 
(Fig. 8). These changes observed in the thirty-five days following the opera- 
tion would primarily result from the malnutrition produced by the loss of 
gastroduodenal arterial circulation. The increasing loss of globulin biuret N 
accompanied by increase of albumin biuret N after the thirty-eighth day follow- 
ing the operation (Fig. 1) may have resulted from the gradual occlusion of the 
hepatie arterv. This change increased until about the sixty-fifth day when 
ereater loss of globulin biuret N and gain of albumin biuret N were reached. 
The rate of occlusion of the hepatic artery was variable in the dogs. Some dogs 
examined showed complete occlusion of the hepatic artery after thirty-five days. 
After the sixty-fifth day the albumin and globulin biuret N again started to 
eturn to normal, probably as a result of establishment of collateral hepatic 
terial circulation. Nearly every period studied in each dog showed a total 

t loss of biuret N. This is also true in induced peritonitis in dogs? in which 

e principle loss of biuret N oceurs in the globulin. The tendeney for the 
obulin fraction to be more labile to greater biuret N changes than albumin 
iv be due to its larger molecular size which requires a more highly developed 
plex biologie process for its formation and maintenance. The biuret linkages 
vlobulin may be less stable. The formation of globulin also may be secondary 
that of albumin. However it is interesting that the approach to normal biuret 

in albumin and globulin occurs at the same time (Figs. 1, 2, and 3) and that 

ir graph lines of a gain or loss of biuret N nearly always cross at 0.1 per cent 
ret N. This would indicate that there is some definite relationship between 
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albumin and globulin in the mode of formation, origin, or exchange of their 





biuret N. There is also some indication that hemoglobin concentration has some 
relationship to gain and loss of biuret N in albumin and globulin (Dogs 405 and 
427, Fig. 2). The greatest loss of albumin biuret N and the greatest gain of 
globulin biuret N is accompanied by the lowest hemoglobin levels. Since loss of 









albumin biuret N usually occurred only when the A/G ratio was 1 or less, it 






would appear that quantitatively albumin and globulin levels have some rela- 
tionship to the maintenance of normal biuret N/Kjeldahl N ratio of serum pro- 







teins. 






SUMMARY 










1. Disturbance of the metabolism of the liver either by ocelusion of the 


hepatie artery or ligation of the gastroduodenal artery in dogs is followed by a 





large loss of serum globulin biuret N and a smaller gain of serum albumin biuret 






N, resulting in a net loss of biuret N in the serum proteins. 
2. No significant change in whole blood urea N, nonprotein nitrogen, uric 







acid, glucose, and serum cholesterol and ester was observed in dogs following 






occlusion of the hepatie artery and ligation of the gastroduodenal artery. Low 






hemoglobins were observed in a few dogs. 
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STUDIES OF THE DIFFERENCES BETWEEN BIURET AND 
KJELDAHL DETERMINATIONS OF SERUM PROTEINS 


I11l. Liver AND OTHER DISEASES 


GEORGE R. KINGSLEY, M.S.,* ANpD THomas E, Macueuia, M.D. 
PHILADELPHIA, Pa, 


RELIMINARY reports on patients with chronie liver disease,’ peritonitis in 

dogs,” and occlusion of the hepatic artery and ligation of the gastroduodenal 
artery in dogs*® established definite differences in the results of determinations 
of serum proteins by biuret and total nitrogen (Kjeldahl) methods. Since good 
agreement between these methods exists in normal individuals,* further com- 
parison was made in order to ascertain the significance and possible diagnostic 
value of such differences in various diseases. The changes observed indicate 
that either gains or losses of nitrogen or of biuret linkages have occurred. The 
data at present do not permit a distinction to be made. 


METHODS 


All protein determinations in this investigation were made simultaneously by the macro- 
Kjeldahl (using factor 6.25 to convert N to protein) and biuret methods.4,5 The ether- 
sodium sulfate method® was used for the separation of albumin and globulin. Only fresh 
and unhemolyzed serum was employed. Urea and nonprotein nitrogen determinations were 
made to correct the Kjeldahl protein determinations for nonprotein nitrogen. The Kjeldahl 
digestion for total protein determination was carried out by gently boiling in a 300 ml. 
Kjeldahl flask 10 ml. of concentrated sulfuric acid, 4 Gm. of sodium sulfate and 0.5 Gm. of 
copper sulfate with 1 ml. of serum for one hour. Twelve milliliters of albumin-sodium sulfate 
solution from the globulin precipitation, equivalent to 0.8 ml. of serum, were used for the 
albumin determination. The same amounts of reagents were used as in the total protein 
determination with the exception of the addition of only 1.5 Gm. of sodium sulfate. No in- 
rease in total nitrogen was observed when digestion was continued for two, four, and six 

urs. 
RESULTS 

The data obtained from the study of various types of liver disease have 
been classified (Table I) as Laénnee’s cirrhosis, Banti’s syndrome, biliary or 
obstructive, and miscellaneous hepatomegalies. The data of this table confirmed 
previous observations’! with regard to decreased albumin and correspondingly 
decreased A/G ratio. Differences between the results of biuret and Kjeldahl 

terminations in the various types of liver disease were very similar, There 
is a consistent decrease of peptide linkages as measured by the biuret reaction 
r inerease in total nitrogen) of the globulin fraction in all types of liver dis- 
ses studied. The average loss of normal biuret reactivity of the globulin frae- 


ns of the eighty-four patients with liver disease studied was 16 per cent. The 
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average difference of 0.47 grams per cent between protein determined by Kjel- 
dahl and biuret methods in the globulin fraction was highly significant as the 
standard error of this difference was only +0.10. 

This difference between Kjeldahl and biuret determinations of the globulin 
fraction was reflected in a corresponding difference of Kjeldahl and biuret N in 
the total protein determinations which resulted in a significantly higher A/G 
ratio as determined by the biuret method. On the average, there was no signifi- 
cant increase in the biuret reactivity of the albumin, although there appeared to 


be a tendency for an increase in twenty-four cases. In the group of eighty-four 


cases of hepatic disease, only three, one of chronic cholangitis, one of scurvy with 
hepatomegaly, and one of metastatic neoplasm, exhibited a significant increase 
in biuret linkages of the globulin fraction. 

Toxie thyroid disease (Table 1) was very similar to portal cirrhosis in the 
abnormal biuret reactivity/Kjeldahl N ratio of the globulin fraction. A de- 
crease of 17 per cent in the biuret linkages of the globulin fraction oeceurred. 
However, as the number of cases in this group was small, the standard error of 
the differences of the Kjeldahl and biuret determinations of globulin and A/G 
ratio was not as highly significant as in the much larger group of liver diseases. 
The inerease of biuret linkages of the albumin fraction even though small was 
much more significant than that found in portal cirrhosis. The total protein 
and A/G ratio as determined by the Kjeldahl method were fairly normal, the 
A/G ratio being the highest of any group studied. This demonstrates that in 
disease, serum proteins may be normal quantitatively by Kjeldahl determina- 
tions when they are actually abnormal in their biuret linkages. The finding of 
a small significant change in the albumin fraction in thyrotoxicosis together with 
a large loss of biuret linkages in the globulin fraction substantiates the evi- 
denee'® 15 presented for the activity of the thyroid in the formation of serum 
vlobulin. However, secondary liver damage may follow thyroid hyperactivity. 

A majority of the various types of anemias, diseases of the blood (Table 
|), as individual cases showed an increase in biuret linkages in both protein 
fractions. This group on the average showed no significant increase in biuret 
linkages, probably because of the great range of individual values (globulin 
1.4 to 5.4) and because of the different types of anemias in the small group. 
However, if the gain and loss of biuret linkages in serum albumin and globulin 

re added, a significant net gain in biuret linkages is observed, the average gain 
heing 0.3 Gm. per cent, with a standard error of + 0.12 per cent. This is the 
nly group studied which showed an over-all gain in biuret linkages. These 
data indieate that a disturbance of the blood cells may act as a stimulus for the 
mporary overproduction of biuret linkages in serum albumin and globulin. 

Serial determinations of biuret linkages (Table 1) were made in four eases 

typhoid fever from the second and fourth to the eighth and twelfth week of 
e disease. Little change occurred in the albumin fractions except in one case 
mplicated by hypertension. In all, the globulin fraction showed a loss of 
iret linkages starting with the fourth week and returned to normal with 
inical recovery. The loss of biuret linkages in globulin resembled that in 
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portal cirrhosis and may indicate at least temporary liver damage in typhoid. 
An indication also was given that the liver’s ability to form normal proteins 
Was noticeably impaired until after the third week of illness. 

A large number of miscellaneous diseases, some of which showed significant 
changes in the distribution of biuret linkages in the protein fractions, are sum- 
marized in Table I. A case of malnutrition with transfusion reaction and 
another transfusion reaction showed a marked loss of biuret linkages in the al- 
bumin fraction. Diabetes, diabetic coma, and complicated diabetes showed wide 
variations in distribution of biuret N. Two cases of eystinuria showed a simul- 
taneous loss of biuret N in the globulin and gain in the albumin fractions. A 
case of chronic ulcerative colitis resembled malnutrition in biuret N changes as 
did nutritional edema. A patient with myxedema showed a marked increase in 
biuret N in the globulin with no change in the albumin. This is in contrast to 
the decrease in biuret N in the serum globulin of thyrotoxicosis. A patient with 
dystonia quadriplegia showed an almost equal exchange of biuret N from glob- 
ulin to albumin, a loss and gain of about 20 per cent. A case of schizophrenia 
showed an opposite transfer. However, this patient was suspected of having 
hepatic disease, although no definite diagnosis could be made. One patient with 
lymphogranuloma inguinale, who showed marked inversion of A/G ratio, ex- 
hibited changes in biuret N similar to those in portal cirrhosis. In one patient 
with lymphopathia venereum there was an increase in biuret linkages of the 
globulin fraction, while two others showed a decrease ; all three of these patients 
had definite hyperglobulinemia. Patients suffering from cardiae decompensa- 
tion, acute nephritis, myoma uteri, and bronchopneumonia showed no changes 


in the normal distribution of biuret N. 






CASE 





REPORTS 
A few interesting cases exhibiting reversal of biuret and Kjeldahl N differences coin 
ciding with marked clinical changes were studied over a period of several weeks. <A colored 
man, 30 years old (No. 1, Table II), with an apparently quiescent sickle cell anemia showed 
about 20 per cent gain in biuret linkages of the globulin fraction. There was also a 16 per 
cent loss of biuret linkages in the albumin fraction. About two weeks later, the distribution 
of biuret reactivity in the protein fractions had returned to normal. However, this condition 
was not stabilized. A marked reversal of biuret distribution occurred four weeks later re 
sulting in a 26 per cent loss of biuret reactivity in the globulin fraction and a small increase 
of biuret N in the albumin fraction. During these six weeks the icterus index had increase: 
from 7 to 450, urea N from 14 to 23 mg. per 100 e.c., while cholesterol ester decreased t 
1 per cent of the total cholesterol. Although the total protein was elevated with a low A/G 
ratio, of 0.7 to 0.8, there was little significant quantitative change in the protein fractions 
throughout the six-week period. This again shows that marked qualitative changes in th 
proteins may take place while no quantitative changes occur. 

A 6-year-old girl, five months after second degree burns (No. 2, Table II) exhibite 
changes in biuret reactivity of serum proteins similar to those observed in portal cirrhosis 
Six to eight weeks later, coincident with malnutrition, fever, anemia, and urinary tract 
fection, a reversal of biuret nitrogen distribution had occurred with a loss in albumin and 
gain in globulin biuret linkages. Eleven weeks later after a diet rich in amino acids, protei 
and vitamins, the patient showed marked clinical improvement and the biuret distribution ha 
returned to normal. However, seven weeks later the patient returned to the hospital wit 
malnutrition, fever, and anemia and again exhibited abnormal biuret distribution typical « 


this clinical change. 
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TABLE IT. REVERSAL OF KJELDAHL MINUS BIURET DIFFERENCES IN DISEASED INDIVIDUALS 


| CLINICAL | CHANGES IN KJELDAHL PROTEIN MINUS BIURET PROTEIN (GM. %) 
vO. CONDITION | WITH TIME 


Sickle cell anemia Albumin 0.5 0.0 Bt 0.5 
Globulin 0.9 1.0 ne 0.2 
Date 3/10 3/26 2: 

Burns Albumin 0:3 


) 
) 
‘ 


0.5 
Globulin 0. 
Date a/eo 
Multiple myeloma Albumin — 0.3 
Globulin 0.4 
Date 7 
Biliary cirrhosis Albumin — 0.0 
Globulin 12 
Date 10/7 : 
Nephrotie syn- Albumin 0.2 7 2 0.5 
drome Globulin 0.2 0.2 
Date 5/12 : 5/15 5/16 5/20 

A patient with multiple myeloma with pathologic fracture of the femur (No. 3, Table 
II) and a large increase in globulin showed an increase in biuret linkages in the globulin 
fraction following the fracture. Three months later, a large decrease in biuret reactivity in 
the globulin occurred. Qualitatively and quantitatively the albumin remained fairly constant 
throughout the period of investigation. It is interesting to note that a quantitative globulin 
increase was accompanied by an increase in biuret reactivity in this case, and a fall of total 
globulin to normal level was accompanied by a decrease in biuret reactivity. 

No. 4 (Table IL) illustrates in biliary cirrhosis the constancy with which a large loss 
of biuret reactivity occurred in the globulin fraction over a period of several weeks with 
little change in albumin. Administration of bile salts for twenty days had no apparent effect 
on the proteins. 

Simultaneous biuret and Kjeldahl determinations were carried out before several plasma 
transfusions in a patient presenting the symptoms of a nephrotic syndrome (No, 5, Table IT). 
Although the control for biuret linkages of albumin and globulin serum fractions before the 
first transfusion was within normal limits, the biuret linkages of the albumin decreased and 
those of the globulin increased twenty-three to thirty hours following transfusion. The net 
change as shown in total protein biuret reactivity was within normal limits in nearly every 
series of analysis. Two weeks following the last transfusion, the biuret linkages of both 


serum albumin and globulin fractions had returned to normal. 


DISCUSSION 

Considerable evidence has been presented in the literature to show that 
qualitative as well as quantitative changes occur in serum proteins in various 
diseases. Analysis of the data presented in Table I has shown that very signifi- 
cant changes occur in the relationship between biuret linkages and total nitrogen 
of serum globulin during liver disease. A difference in the distribution of 
serum globulin fractions in normal and cirrhotic individuals has been shown by 
electrophoretic and immunologic means.'* There is much evidence that fibrino- 
gen production is wholly dependent upon liver function. The role of the liver 
in the production of albumin and globulin is not as well established. There is, 
however, clinical and experimental evidence that the organ is involved in the 
processes of albumin and globulin formation, especially the former. Whipple 
and eo-workers'® '* noted a lag in the regeneration of serum proteins of Eck 
fistula dogs following acute plasma depletion. Hepatectomy experiments in 
various animals have added little significant evidence relating to the origin and 
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mode of formation of plasma albumin and globulin since such a drastie pro- 
cedure gives rise to profound systemie and circulatory disturbances. Hypo- 
proteinemi¢ dogs" exhibited a decreased deamination in impaired livers. 

A relative loss of biuret linkages of serum globulin together with a con- 
current gain of biuret linkages of albumin in toxie thyroid disease may indicate 
that the thyroid has some influence on formation, loss, or exchange of biuret 
linkages in serum proteins. Since no significant increase in biuret linkages of 
serum albumin occurred in liver disease, these alterations of serum albumin in 
thyroid disease cannot be explained as a result of secondary liver disease. 

The tendency for overproduction of biuret linkages of both albumin and 
globulin in some anemias studied (Table I) may indicate a disturbance of a 
part of the normal function of blood cells in the formation of serum proteins. 
Hyperproteinemia observed in myeloid leucemia may indicate that serum glob- 
ulin has its origin in bone marrow.'* Since plasma proteins are within normal 
limits in aplastic anemia, more evidence is necessary to establish the proper 
function of marrow cells in protein formation.'? However, the globulin :albumin 
ratios for aplastic anemia are above normal.*’) In No. 1 (Table II), during 
sickle cell anemia, an enormous overproduction of biuret linkages equal to 1 
gram per cent protein N in the globulin fraction oecurred. In multiple myeloma, 
No. 3 (Table IL), a large increase in biuret linkages in the serum globulin oe- 
curred in the early acute stage of the disease when there was probably an over- 
stimulation of the red marrow. Two to three months later, a decrease of biuret 
linkages in serum globulin was observed. This probaly was caused by the im- 
paired activity of either the red marrow or liver. The production of a serum 
protein greatly altered in normal structure may be an important factor in the 
origin of the abnormal Bence Jones protein of multiple myeloma. Loss of 
biuret linkages of the globulin fraction in blood serum during chronic febrile 
disease similar to that observed in liver disease probably results from secondary 
liver damage caused by a fever of long duration. From a study*’ of the electro- 
phoretie patterns of a series of normal and pathologic human sera, it was found 
that the serum a-globulin:albumin ratios were high in febrile patients, the 
average value being over twice the normal. This was particularly marked in 
pneumonia.?" 22. Polarographie study** ** of blood sera in experimental pneu- 
monia (Type 1) in dogs has shown a decrease in wave heights in the denatura- 
tion curves which represented some change in serum (peptone fraction), prob- 
ably a decrease in protein sulfhydral and disulfide groups, i.e. a decrease in 
eystine in peptide linkage. In acute infections, a protein has been found in the 
albumin fraction which gave a flocculation reaction with C polysaccharide of 
pneumococeus.2’> Electrophoresis has shown a decreasing albumin and increas- 
ing globulin in tuberculosis with the appearance of a new X component.*® 

The reversal of biuret and total nitrogen ratio in serum protein (Table IT) 
over a comparatively short period of time in some diseases may indicate some 
relationship between albumin and globulin as to their interdependence, common 
origin, and mode of formation. It will be noted from the diagrammatic repre- 
sentation (Fig. 1) of the simultaneous gain and loss of biuret linkages in serum 
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albumin and globulin of Nos. 1, 2, and 3 presented in Table II that there is a 
definite relationship between albumin and globulin as to their relative gain or 
loss of biuret linkages. In No. 2, especially, it is apparent that a gain or loss 
of biuret linkages in albumin is matched by an equal change in the opposite 
direction in the globulin. In all three cases an approach to normal in biuret 
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Diagrammatic representation of simultaneous gain and loss (grams per cent N) of 
biuret linkages in serum albumin and globulin (data from Table II). 











linkages in both albumin and globulin occurs at the same time. In studies of 
protein metabolism by the isotope method,?* synthesis and degradation were 
found to be a balanced biochemical process which requires no distinetion between 
exogenous and endogenous cellular metabolism. Labile protein reserves have 


been demonstrated?* and may pass readily from cell to plasma, and plasma to 


cell.2? A depletion of these reserves lowered resistance to infection®® and in- 
creased susceptibility to liver injury.*' *? These reserve protein stores have 
not been identified chemically.** The interchange of biuret linkages between 
albumin and globulin indicates the possibility of a normal exchange of biuret N 
between albumin and globulin, and/or they have a common origin in a labile 
protein reserve. 

In most of the diseases studied it appears that the biuret linkages of the 
“lobulin are more labile and undergo wider variations than those of albumin. 
Liver, typhoid, and thyroid diseases show a significant loss of biuret linkages 
n serum globulin. In these diseases the biuret exchange of a precursor type of 
lbumin with globulin may be arrested. This also may be related to the greater 
iolecular size of the globulin molecule. 

It is interesting to note the changes in biuret linkages of serum proteins 
n a ease of nephrotic syndrome (23 to 32 Gm. protein loss per twenty-four 
ours) (Table II) twenty-three to thirty hours after a transfusion of 300 to 
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450 ml. of plasma. Total biuret linkages remain little changed while equally 
large losses in the albumin and gain in the globulin biuret linkages occur over 
a period of about four weeks. A response of this kind would certainly indicate 
a lack of normal utilization of the transfused proteins. This patient exhibited 
biuret linkages within normal limits in both albumin and globulin before and 
several days after the last transfusion. The gaining of biuret linkages in glob- 
ulin at the expense of albumin may be an indication that albumin acts as an 
intermediary labile protein or that the mechanism for the formation of albumin 
is repressed as might be expected where the A/G ratio is extremely low. It is 
also interesting to note that the A/G ratios by biuret determination remained 
abnormally low and unchanged after transfusion, while by Kjeldahl determina- 
tion the A/G ratios were normal in four instances, 

The possible diagnostic value of the determination of the ratio of biuret N 
to Kjeldahl N in serum proteins is obvious, since changes in ratio of biuret N 
to total N of serum proteins in various diseases show definite patterns and in 
some diseases Kjeldahl] determinations indicate normal serum proteins when 
their biuret linkages are abnormal. 

Lack of agreement between determinations by the Kjeldahl and biuret 
methods may result from (1) a change in nitrogen concentration, (2) a change 
in number or reactivity of biuret linkages, (8) a change in response to salting 
out with sodium sulfate, or (4) a combination of (1), (2), and (38). These 
changes may be related to alterations in number, kind, or structural arrange- 
ment of amino acids in the protein molecule, or altered content of sugars, lipids, 
ete., forming part of the protein molecule. Of the three possibilities, (1) seems 
more likely to be the cause of the lack of agreement of the two analytic methods 
since the biuret linkages are so numerous and fundamental in protein structure 
that rupture or replacement of these bonds by other types would probably re- 
sult in greater physical changes in plasma or serum proteins than those observed 
in the conditions studied. However, both (1) and (2) may be simultaneously 
operative or each may predominate under certain conditions. Peters and Van 
Slvke** mention the altered chromogenic power of serum proteins in disease, 
in reference to the use of tyrosine as a standard in the Greenberg*’ serum pro- 
tein method. The possibility that polypeptides, amino acids, or other biuret 
reacting compounds were causing the differences observed was investigated in 
several cases where unusual differences between the biuret and Kjeldahl methods 
were noted. The concentration of these compounds was never high enough in 
the plasma or serum to have any appreciable effect on the biuret reaction. 

Incomplete digestion of some amino acids of proteins have been reported,*® 
but errors of this kind could not have occurred, since great eare was exercised 
in all of our Kjeldahl determinations. The Kjeldahl digestion techniqne used 
in this investigation agreed well with the method recommended in an exii2usiive 
experimental survey of Kjeldahl methods.** Our Kjeldahl-biuret analyses are 
not in agreement with a report** of significant differences of protein determina- 
tions on normal human serum made by the Kjeldahl and Kingsley biuret meth- 
ods. However, analyses for only four normal serums and one cirrhotic serum 
were reported. 
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SUMMARY 


1. In various diseases, differences were observed in serum albumin and 
globulin determinations by the biuret and total N methods. In Laénnee’s 
cirrhosis, Banti’s syndrome, biliary cirrhosis, hepatomegaly due to other 


causes, thyrotoxicosis, and typhoid fever, the principal change is loss of biuret 
linkages by the globulin. 

2. In certain anemias an increase of biuret linkages in both albumin and 
globulin is the rule, although a rapid reciprocal change of biuret reactivity can 
take place in the protein fractions in some instances. 

3. In general it may be said that primary hepatic disease, or secondary liver 
damage resulting from impairment in circulation, malnutrition, fevers of long 
duration, severe infections, or tissue damage, will cause changes in the normal 
relationship between total N and biuret reactivity of the serum proteins. 

4. Theoretical implications derived from experimental clinical data as to 
the chemistry of certain phases of serum protein formation or degeneration as 
well as the actual chemical change responsible for abnormal biuret N and total 
N ratios have been presented. 
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HEBERDEN’S NODES: THE RELATIONSHIP OF THE MENOPAUSE 
TO DEGENERATIVE JOINT DISEASK OF TILE FINGERS 


RoBpert M. Stecuer, M.D., EpmuUND E. BEARD, M.D., ANp A. IL. Hersu, Pa.D. 
(CLEVELAND, OHIO 


EBERDEN’S nodes are enlargements of the terminal interphalangeal 

joints of the fingers due to degenerative joint disease. Individual fingers 
are at times affected, especially in men, as a result of direct injury which 
produces a true traumatie arthritis. The deformities affecting multiple fingers 
on both hands, however, arise spontaneously without history of injury. The 
present study is confined to the latter type which is called idiopathic Heber- 
den’s nodes. Age is perhaps the most important single factor determining 
the appearance of this condition.! Heredity is also important, as is shown by 
vertical involvement in families in sueceeding generations and horizontal in- 
volvement in siblings.*. Women are affeeted much more commonly than men 
and, since Heberden’s nodes are rare before the age of 50, their occurrence 
is thought to be related to the climacteric. The present study was made to 
test this supposition and to consider the mechanism by which the change of 
life influences the development of this deformity. 


CLINICAL OBSERVATIONS 


Observations were made on ninety-nine women with idiopathie Heberden’s 
nodes who had passed the menopause and who gave a reliable history of the 
time of occurrence of the menopause and appearance of the nodes (Table 1). 


The age of these women at the time of the onset of Heberden’s nodes ranged 


y 
») 
) 


from : 


3 to 65 years. The median age was 49.8 years; the average age was 
18.8 + 6.80 vears. The age distribution at the time of onset of Heberden’s 
nodes is shown in Fig. 1. 

The age at the time of the menopause in this series of ninety-nine women 
ranged between 28 years, as the result of a pelvie operation, and 56 years. 
The median age was 49.7 years; the average age was 48.6 + 5.25 years. The 
ave distribution is shown in Fig. 2. 

The history of the menopause in these ninety-nine women with Heberden’s 
todes was compared with that of a control series of ninety-six women (Fig. 3). 
The control series had been assembled and observed in a previous study under 
the same conditions and at the same time as the Heberden’s nodes series. The 
trol series included the sisters of forty-three women chosen from the wards 
(‘ity Hospital simply because they did not have Heberden’s nodes, a collee- 

of families observed in connection with the studies on heredity of Heber- 
’s nodes. In the control series the age at which the menopause occurred 
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TABLE I. TIME RELATIONSHIP BETWEEN HEBERDEN’S NoDES AND MENOPAUSE; NINETY-NINE 
CASES 
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*The interval is given a plus sign (+) when the age at time of onset of the menopause was 
reater than the age at the onset of Heberden’s nodes and a minus sign (—) when the reverse 
was the case. 


ranged from 35 to 59 years. The median age was 49.1 years; the average age 
was 48.9 + 4.90 years. The age distribution in the control series of women is 
shown in Fig. 5. Thus it is seen that the history of the menopause in ninety- 
ine women with Heberden’s nodes paralleled closely that of ninety-six women 


ho were used as controls. The history of the menopause in this group of 


inety-nine women with Heberden’s nodes was not considered to be remark- 
dle. 

The time relationship between the menopause and the onset of Heberden’s 
«les in each individual woman is shown in Fig. 4. The menopause preceded 
e onset of Heberden’s nodes in forty-four instances and followed it in forty- 
e. Both events occurred in the same year in ten instances. The average 
ference in time between these two events regardless of whieh event oe- 
‘red first was 4.9 + 4.04 years. If the time interval between these events 
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was computed always in the same direction, applying a positive sign to the 
number of years difference when the menopause followed the onset of Heber- 
den’s nodes and a negative sign when the menopause preceded the onset of 
Heberden’s nodes, the average difference was —0.72 + 6.33 years. The average 
difference practically disappeared and the two events seemed to be closely 
correlated in point of time. There was, however, a long time interval between 
these events in individual cases, the menopause occurring from twenty years 
after the onset of Heberden’s nodes to fifteen years before. This is indicated 
by the large value for the standard deviation. 

Despite the wide dispersion, close association of the menopause with the 
onset of Heberden’s nodes was observed in many eases. In ten instances both 
events occurred in the same year. In forty-four instances, or nearly half of 
the series, they occurred within three years of each other. The time relation- 
ship of these two events, independent of the age at which they occurred, was 
then studied. As has been shown already, the average age of onset of Heber- 
den’s nodes in these ninety-nine women was 48.8 + 6.8 and the average age 
for the menopause was 48.6 + 5.2. When the group was divided into two equal 
parts on the basis of age, it was found that those women whose Heberden’s 
nodes occurred early had an earlier onset of the menopause than those in 
whom the onset of the nodes was late. The average age of the menopause 
was 46.2 years in the fifty women having the earliest onset of Heberden’s nodes 
at 55 to 49 years. The average age of the menopause was 50.5 years in the 
forty-nine women having later onset of Heberden’s nodes at 50 to 65 years. 

The degree of correlation between ages of onset and the menopause was 
caleulated from grouped data by the usual product moment method for the 
determination of the coefficient of correlation (7). The value of r with its 
standard error is +0.46 + 0.08. By using the test recommended by Pearl,* this 
coefficient of correlation can be regarded as arising by chance from an un- 
correlated population about once in a million times. The result leaves no 
doubt that the data show a highly significant statistical association between 
the ages of onset of Heberden’s nodes and the menopause. 

While a correlation coefficient of +0.46 is descriptive of the statistical 
association between the ages of onset of Heberden’s nodes and the menopause, 
it gives no reliable indication of the causal factors involved. On the basis of 
certain assumptions, it is possible speculatively to draw a further conclusion 
hy analogy with the interpretation of better known eases. It happens that 
the coefficient of correlation between stature of father and son is +0.46. As- 

iming that the number of elements causing the variability is the same in both 
stanees and that they are normally distributed, the conelusion is drawn that 
out 46 per cent of the genes determining stature are common to parent and 
o!'spring of the same sex. It seems fair to make similar assumptions in the 
h-esent instanee. The data are consistent with this assumption, although they 
do not prove it. A number of factors obviously are involved in causing the 
iability in ages of onset of Heberden’s nodes and of the menopause. The 
average age and the median age are about the same for both variables, in- 
ating an approximately normal distribution for the causal factors involved. 
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Consequently, if the assumptions are justifiable, the conclusion is drawn that, 
on the average, 46 per cent of the total set of factors determining age of on- 


set are common to Heberden’s nodes and the menopause. 


LITERATURE 

Many observers have noted a close relationship between the menopause and Heberden’s 
nodes. Heberden+ himself made no mention of the menopause in his very short description 
of ‘‘digitorum nodi’’ and neither did Charcot.6 Havygarth,6 about the beginning of the 
nineteenth century, stated that nodosities of the joints are almost peculiar to women and 
generally begin about the period when the menses naturally cease. Duckworth,? who thought 
Heberden’s nodes were related to gout, said, ‘‘. .. these may arise from the second to the 
fifth decade, are almost common perhaps as a gouty manifestation in women about or after 
the menopause.’’ Monroe’ stated that women display Heberden’s nodes first about the meno 
pausal period. Aschner® said he had seen Heberden’s nodes often combined with the usual 
form of polyarthritis of the menopause. Cecil and Archer! noted Heberden’s nodes in 74 
per cent of the women in their series with menopausal arthritis. The Primer on Rheumatism 
stated that Heberden’s nodes often develop at the time of the menopause. 

Jesides the foregoing casual comments concerning the association of Heberden’s nodes 
with the menopause, several students have presented statistical data to support the idea that 
the development of Heberden’s nodes is related to ovarian dysfunction. Of forty-seven women 
studied by Pineles,!2 thirty-one noted the appearance of Heberden’s nodes within a year of 
the last menstrual period. Four other women observed that their nodes occurred after the 
last menstrual period but while they were still having climacteric symptoms such as dizziness, 
nervousness, palpitation, hot flushes, and fleeting pains in various parts of the body. Four 
women under 45, though still menstruating regularly were having typical symptoms of the 
climacteric when their nodes began. Five women under the age of 40 stated that their nodes 
began shortly after pelvic operations which had resulted in cessation of the menses and meno 
pausal symptoms. Only three of the forty-seven women developed Heberden’s nodes inde 
pendent of the menopause or menstrual dysfunction. Von Noorden!’ described Heberden’s 
nodes and other manifestations of degenerative joint disease in women under 30. In all such 
instances he had noted abnormalities of the sexual phenomena such as amenorrhea, sterility, 
or atrophic genitalia. Albright and co-workers!4 described a 37-year-old woman with ovarian 
agenesis who had well-developed Heberden’s nodes. 

The clinical data seem to indicate a strong correlation between the climacterie and the 
development of Heberden’s nodes. Since these deformities represent a particular manifesta 
tion of degenerative joint disease, it seemed pertinent to search the literature for evidence 
of correlation between the climacteric and this much broader and more general disease entity. 
The menopause is thought by some authors to cause or influence the onset of rheumatoid 
arthritis, by others to favor the development of osteoarthritis, while a third group believe 
its influence is limited to the production of arthralgia.15 Hall,16 studying seventy-one women 
who had been ovariectomized, found most of them suffering from symptoms of arthritis be 
ginning a few weeks after operation and often suggesting true rheumatoid arthritis. Eighteen 
of his patients had symptoms of either true rheumatoid arthritis or osteoarthritis. He thought 
fifty-three of his patients had only arthralgia because no true joint disease developed. 

The concept of arthropathia ovaripriva was discussed by Menge.17 He observed a 
series of women having joint disturbances arising soon after inactivation of the ovaries by 
radiation. Complaints most often concerned the knees but frequently included the shoulder 
and occasionally the fingers. Involvement was most often bilateral. Crepitus on joint motion 
was frequently noted. Pain in some patients was slight but occasionally was severe enough 
to interfere with function. Menge was definitely of the opinion that the syndrome was due 
to ovarian failure, the same as occurred in spontaneous menopause. 

Arthritis of the menopause was described by Cecil and Archer! as ‘‘a chronic poly 
arthritis of obese middle-aged women occurring at or just after the menopause and charac 
terized by persistent stiffness and pain in the joints affected.’’ Slight crepitation of the 
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knees was noted but limitation of motion or objective signs of joint disease were rare. 
Fisher!® stated, ‘* Disordered endocrine function plays an important part in many of the 
more chronic forms of arthritis occurring after the meridian of life. The type of arthritis 
that immediately springs to mind is the chronic osteoarthritis often seen in the knees of women, 
the onset of which corresponds with the menopause.’’ The Primer on Rheumatism) stated 
that the menopause seems to be an exciting cause of hypertrophic arthritis. Jones19 thought 
that osteoarthritis of the knees was most commonly met with in women at the menopause. 
Thomson and Gordon2° thought climacteric arthritis was essentially the same as chronic synovi 
tis which may eventually develop into typical osteoarthritis. Fox and Van Breemen?! recognized 
menopausal arthritis as a generally accepted clinical entity. Radiographs show no change 
in bone and cartilage during the incipient stage which may be very long. Later the appear- 
ance resembles that of osteoarthritis. Steinbrocker22 states that so-called menopausal arthritis 
consists merely of arthralgia associated with vasospastic symptoms of ovarian hormonal de- 
ficiency and that the symptoms are not of articular origin. Rheumatic pain was found to 
occur as a symptom of the climacteric in 24 per cent of 1,197 women by the British Sub 


committee of the Council of the Medical Women’s Federation.23 


DISCUSSION 


The nature of the phenomena considered in this study is such that exact 
data are not always obtainable. The development of Heberden’s nodes is a 
slow process and its beginning cannot be identified with certainty. The degree 
of development necessary for recognition depends upon the discernment of the 
patient as influenced by her temperament, her degree of introspection, and her 
experience in having seen the deformity in her mother, sister, or intimate 
friends. Identification of the date of onset always seems more definite and 
apparently more exact the more recent it has been. It is almost equally con- 
vincing to hear that in one instance both events occurred about twenty years 
previously, the fingers not enlarging until one year after the last menstrual 
period, An uncertainty is suggested by a statement that the last menstrual 
period was six years previously and that the fingers began to enlarge about 
twenty years ago. To discard such data because they seem inexact intro- 
duces a different and more significant error in the study by eliminating those 
cases in which onset and menopause were not closely associated in point of 
time. The mere fact that onset and menopause were separated by many years 
and that both events were remote casts doubt only upon the exaet time re- 
lationship of the two events and not on the fundamental fact that their oe- 
currence was separated by a wide lapse of time. In several instances patients 
were observed personally for years while these events were occurring. In 
Case 7 the patient continued to menstruate for six years after finger enlarge- 
nent had first been noted. Her mother, Case 96, was seen before her fingers 
enlarged. <A series of photographs of her hand made for another purpose 
showed the onset of nodes at about 62 years of age, although her menopause 
occurred at 48 years. Cases were excluded only when the patients were defi- 
litely uneertain of the dates of the events under discussion. 

Although the date of the last menstrual period was ascertained with 
reasonable certainty, the date of the onset or the duration of the climacteric 
was not easily identified. Removal of the uterus may stop menses without in- 

fering with ovarian function. In Case 5 the uterus was removed when the 
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patient was 28 and nodes began at the age of 38. There were no hot flushes 
or other symptoms of the climacteric. In Case 39 the patient noted that nodes 
began to appear when menses became irregular five years before the meno- 
pause. In Case 40 the menopause occurred when the patient was 33, after 
both ovaries and tubes were said to have been removed, but nodes did not begin 
until the age of 48. In Case 46 a hysterectomy was done at the age of 35 and 
hot flushes continued until examination shortly after Heberden’s nodes ap- 
peared at the age of 49. If adjustments for such data were made they would 
intensify the positive association between the onset of Heberden’s nodes and 
the climacteric. We have used the last menstrual period for our computations. 

Heberden’s nodes arising idiopathically without relation to trauma are 
a particular manifestation of degenerative joint disease. The exact cause of 
this type of degenerative joint disease is not known. The incidence in any 
segment of the population is definitely related to age, varying from zero in 
women under 20 and reaching 30 per cent in the eighth decade. Because the 
disease produces a permanent deformity and develops at widely different ages 
in individual instances, the incidence is bound to inerease as age advances after 
the second decade. 

A strong genetic factor has been demonstrated as shown by the fact that 
the mothers of affected women have the disease twice as often and the sisters 
three times as often as the population in general.? A study of pedigrees and 
of gene frequency analyses indicated that the condition depends upon a single 
autosomal factor which is sex influenced so that it is dominant in women and 
recessive in men. It was further determined that 30 per cent of the female 
population was genotypically conditioned to develop the deformity.** Accord- 
ing to this theory, Heberden’s nodes will develop only in individuals with 
the proper genetic constitution for the trait. It is obvious that every woman 
in the present study was genotypically susceptible and therefore alike in this 
respect. They were all at least heterozygous. It is possible that a few were 
homozygous but not more than two or three such are to be expected statis- 
tically. The homozygous women cannot be distinguished from the hetero- 
zygzous by observation. 

Idiopathic Heberden’s nodes also occur in men, but the disease is much 
less common than in women. It develops only in men who are homozygous 
for the trait and can be expected in less than 5 per cent of the male popula- 
tion over the age of 50 years. The disease in men has been less thoroughly 
studied than it has been in women so that its characteristics are not so well 
known, 

Of the manifold symptoms of the menopause, the majority are not the 
direct result of ovarian failure as such but are due to change in activity of 
the pituitary gland and to derangement of function of the autonomie nervous 
system. The menopausal syndrome is characterized by loss of normal vaso- 
motor balance as indicated by hot flushes, headaches, dizziness, hypertension, 
and numbness and stiffness of the hands and arms during the night. Cireu- 
latory disturbances are important in the etiology of degenerative joint disease. 
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This was proved by Goldhaft, Wright, and Pemberton®? who produced hyper- 
trophic arthritis with spur formation in dogs by interfering with the blood 
supply to joints. Brogsitter®® described histologic evidence of decreased blood 
supply in Heberden’s nodes. He found the blood vessels in the bones and 
soft tissue of these lesions to be decreased in size and number. It is probable 
that menopausal arthritis is due in part at least to circulatory disturbances. 
These can lead to Heberden’s nodes only in those women who are geno- 
typically susceptible. The genes for Heberden’s nodes are already present 
in the fertilized ovum but their characteristic effect does not show itself until 
relatively late in life. Thus it seems clear that a long series of causes inter- 
venes before Heberden’s nodes appear. Indeed to discover these causes con- 
stitutes a study in physiologic genetics. If it could be shown definitely that 
circulatory disturbanees are a necessary condition for their appearance, this 
would be to that extent a beginning in understanding something of the 


physiologie action of the genes for Heberden’s nodes. 


SUMMARY AND CONCLUSIONS 


In this series of ninety-nine women the age at onset of Heberden’s nodes 
was compared with the age at the menopause and these phenomena were found 
to be related to each other. Both events occurred within one year of each 
other in ten instances and within three years of each other in half the eases. 
In the individual patients the appearance of Heberden’s nodes occurred from 
twenty years before to fifteen years after the menopause. The coefficient of 
correlation was found to be +0.46, indicating odds less than one to one million 
that this degree of correlation would occur by chance alone. Even this high 
degree of correlation does not indicate that the climacteric has a causal re- 
lation to Heberden’s nodes. It is more likely that both events have etiological 
factors in common. Both must be considered as manifestations of the aging 
process. Since Heberden’s nodes occur only in people who are genotypically 
susceptible, the climacteri¢ can be considered as only a contributory, though 
a very important, factor in their production. The principal effect of the 
climacteric on the production of Heberden’s nodes may be due to alterations 
in the peripheral circulation. This is the beginning of an understanding of the 


physiologic action of the genes for Heberden’s nodes. 
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THE STATE OF COMPONENT A (PROTHROMBIN) IN HUMAN 
BLOOD; EVIDENCE THAT IT IS PARTLY FREE AND 
PARTLY IN AN INACTIVE OR PRECURSOR FORM 


ARMAND J. Quick, M.D., PHu.D., AND Mario STEFANINI,* M.D. 
MILWAUKEE, WIS. 


7. simple concept expressed in the classical theory of Morawitz and of Fuld 
and Spiro that prothrombin is converted by thromboplastin (thrombokinase ) 
and ionized ealecium to thrombin has become untenable because of a series of 
recent findings. In 1948 Quick,’ and the following year Owren,’ discovered a 
new factor which is essential for the formation of thrombin. Recently many 
other investigators have contributed data to confirm and support these original 
observations, but as is to be expected in the development of a new subject, 
numerous conflicting interpretations have been offered. No successful attempt 
has been made to correlate the pertinent contributions, particularly of Munro 
and Munro,* * ° Fantl and Nance,® * * ° Seegers, Ware and associates,'°-!® and 
Alexander and co-workers.'® *° 21 Recently we have obtained experimental 
findings which appear to bridge the conflicting and seemingly hostile views on 
prothrombin conversion currently expressed. 

In the study made in 1943, it was observed that when stored oxalated human 
plasma was mixed with an equal volume of dog plasma in which prothrombin 
had been reduced by Dicumarol or adsorbed with aluminum hydroxide, the re- 
sulting mixture had a prothrombin time of 9 to 10 seconds, which was shorter 
than that of fresh plasma. Three years later,?? it was found that human citrated 
plasma (1 vol. of 0.1M sodium citrate to 9 vol. of blood) often showed a reduction 
of the normal prothrombin time of 12 seconds to as low as 9 seconds after 
twenty-four hours of storage. No explanation for these findings could be offered 
until 1948? when it was recognized that two changes were concurrently taking 
place in stored plasma, namely a decrease in the labile factor and an increase in 
some other factor which augmented prothrombin activity. Due particularly 
to the development of an assay method for component A,** and also to the dis- 
‘overy of the effect of silicone-coated containers on prothrombin activity during 
storage, it has been possible to obtain data which offer not only an explanation 

' the increased prothrombin activity of aged plasma, but also a new concept 
meerning the state of prothrombin in blood. 

Since the terminology of the prothrombin factors has become increasingly 

ore complex, it is essential that the principal terms employed in this study 
defined. The labile factor is a constituent of both plasma and serum. It 
es its activity when heated to 58° C. and is diminished in stored plasma be- 
ise of oxidation. Removal of ionized calcium increases the speed of inactiva- 
n. Little, if any, of the labile factor is adsorbed by the amount of tricalcium 
From the Department of Biochemistry, Marquette University School of Medicine. 
This work was supported by a grant from the United States Public Health Service. 
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phosphate which completely removes component A, It is not reduced either in 
Dicumarol poisoning or in vitamin K deficiency. Rabbit blood contains ap- 
proximately fifty times as much labile factor as human plasma.** 

Component A of prothrombin probably corresponds to the classical pro- 
thrombin. It is inactivated at 58° ©., but does not diminish during storage. 
It is completely adsorbed by tricalcium phosphate and can be quantitatively 
recovered by elution with sodium citrate. Component A is diminished in Di- 
cumarol poisoning and in avitaminosis K. Evidence has been presented to show 
that this component combines with the citrate ion, thereby losing activity and 


becoming no longer adsorbable by tricalcium phosphate. 


METHODS AND MATERIAL 
The reagents and procedures employed were essentially the same as those described in 
a recent paper.24 Silicone-coated glassware was prepared by means of Dri-Film 9987 (General 
Electric), using the technique described by Jaques and associates.26 For high speed cen 
trifugation, an angle centrifuge which had a maximum revolutions per minute of 4,000 was 
employed, For slow speed the revolutions per minute were 800 to 1,000 in an ordinary cen 


trifuge. 

The method of isolating component A by adsorption with tricalcium phosphate and 
elution with sodium citrate, which we recently described,?4 concentrates the active factor ten 
times. In its assay, therefore, 1 vol. was diluted with 9 vol. of calcium phosphate treated 
plasma. Rabbit plasma was used because it has an exceedingly high concentration of labile 


factor. The concentrate of component A is called eluate in this paper. 


RESULTS 

The Effect of Varying the Concentration of the Labile Factor on the Pro 
thrombin Time When Component A is Kept Constant.—In a recent paper** it 
was shown that component A can be completely removed from oxalated plasma 
by an amount of tricalcium phosphate which takes out no detectable quantity 
of the labile factor. It was further shown that component A ean be almost 
quantitatively recovered by elution with sodium citrate, and that this eluate 
when added to calcium phosphate plasma restores prothrombin activity pro 
vided sufficient labile factor is present. Since rabbit plasma contains fifty 
times and dog plasma ten times more labile factor than fresh normal human 
plasma and stored human plasma contains only a very small amount, treatment 
of these plasmas with tricalcium phosphate will vield testing media containing 
a wide range of concentrations of the labile factor. Such a series of depro 
thrombinized plasmas were employed to test the eluates from dog and huma? 
plasma. In the experiment, recorded in Fig. 1, 1 vol. of eluate was mixed wit 
9 vol. of deprothrombinized plasma. It will be observed that when the labil 
factor was low the prothrombin time was prolonged, and as the labile facto 
was increased, the prothrombin time decreased and reached a fixed minima! 
value. Dog eluate which contains a higher concentration of component Ar 
quired more labile factor to attain a fixed minimal prothrombin time. If t 
labile factor were acting catalytically, its activity should continue as its co! 


centration increases. 
These results therefore suggest that the reaction of the labile factor an¢ 


component A is stoechiometric. We have further found (unpublished data) that 
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when plasma deficient in labile factor clots, very little component A is con- 
sumed even when thromboplastin is in excess and the calcium concentration is 
optimal; but as the labile factor is progressively increased, the utilization of 
component A rises in proportion. Since these results support the view that 
the reaction between thromboplastin, component A, and labile factor is stoechio- 


3S 


w 
°o 


~ 
A) 





Prothrombin Time (in seconds 


Eluate From Human Plasma 














5 | = so 
Concentration of Labile Factor 


Fig. 1.—The influence of the concentration of the labile factor on the prothrombin time. 
concentration designated as 50 was obtained by treating fresh oxalated rabbit plasma with 
ilcium phosphate; 10 was dog plasma; 5, a mixture of dog and stored human plasma; and 

fresh human plasma. One volume of eluate was mixed with 9 volumes of the plasma treated 

th tricalcium phosphate. 

trie, one should question the correctness of calling the latter an accelerator. 
is interesting to note that when Ware, Guest, and Seegers' corrected the two- 
ve method by adding an optimum amount of labile factor, they increased their 
ld of thrombin over 50 per cent. It can be postulated that at least three 
nts interaet to form thrombin and that this reaction follows the law of mass 
ion. The equation can be expressed as follows: 


A (component A) + L.F. (labile factor) + Tbp. (thromboplastin) 
+ Ca (bound) = T (thrombin) 
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At present there is insufficient data to determine whether all three agents 
interact simultaneously or whether two react to form a product whieh enters 
into a reaction with the third to form thrombin. 

Evidence That Component A in Circulating Blood Evists Partly Free or 
Active and Partly in an Inactive State—As already stated, when oxalated 
human plasma is stored in glass its prothrombin activity is markedly increased. 
Due to the fact that the labile factor is diminished on storage, this augmentation 
in prothrombin poteney is masked and becomes demonstrable only by the ad- 
dition of the labile factor. Interestingly, this increase in prothrombin activity 
does not occur or is greatly delayed if the plasma is stored in a silicone-coated 
container. It should be mentioned that Alexander and associates*'! observed that 
when blood clotted in silicone apparatus, the prothrombin activity of the serum 
was abnormally high, and the factor which they call serum prothrombin con- 
version accelerator was decreased. 

The pertinent facts are brought out by the following experiment. Blood 
was obtained from a normal subject. A silicone-coated syringe chilled in an ice 
bath was employed. The blood was immediately oxalated, transferred to cold 
siliecone-coated tubes, and centrifuged. Part of the plasma was put in Pyrex 
test tubes and the remainder in silicone-coated tubes. The amount of plasma in 
each tube was the same, and all were stored in an ordinary refrigerator. The 
results are summarized in Table I. 


TABLE I. THE EFFECT OF TWENTY-FOUR HOUR STORAGE OF OXALATED HUMAN PLASMA IN 
GLASS AND SILICONE-COATED CONTAINERS ON COMPONENT A OF PROTHROMBIN 


Rabbit Ca,(PO,), plasma 0.00 O0<.01 0.02 0.038 0.04 0.05 0.06 0.07 0.08 0.09 
[Cee 2 

Normal oxalated human 

plasma (¢.e. 


0.10 0.09 0.08 0.07 0.06 0.05 0.04 0.038 0.02 0.01 


Prothrombin Time (NSee.) 


Fresh human plasma in sili 12% 12 12 12 12 12% 138% 15 20 28 
eone 
Stored human plasma in sili 17 12% 12 12 12 13 14 16 19 26 
cone 
Stored human plasma in glass = 13 9 8 8 S 81, 9 10 12 15 
Rabbit Ca,(PO,), plasma 0.09 c.c. 
Eluate of oxalated human plasma 0.01 e.e. 


Prothrombin Time: 

Fresh plasma eluate in silicone 12 sec.” 
Stored plasma eluate in silicone 12 
Stored plasma eluate in glass 


a Sec. 
‘ 


sec. 


*The eluate transferred to glass and stored for twenty-four hours gave a value of 7 second 


It is clear that the prothrombin time of the fresh plasma (12 seconds) was 
normal and that it was not inereased by the addition of ealeium phosphate 
treated rabbit plasma which is rich in labile factor. An eluate prepared from 
this plasma when added to rabbit calcium phosphate plasma yielded a pro- 
thrombin time of 138 seconds, which approximated the expected result. After 





twenty-four hours, the plasma in silicone-coated tubes lost labile factor, for tlie 
prothrombin time increased to 17 seconds, but component A remained unchangcd 


f 


since on adding rabbit calcium phosphate plasma a normal prothrombin time o! 


fase > 
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12 seconds was obtained. The eluate of this plasma yielded a prothrombin time 
of 12 seconds. In marked contrast, the plasma stored in glass, which had a pro- 
thrombin time of 13 seconds, showed when mixed with rabbit calcium phosphate 
plasma, i.e., with excess labile factor, a prothrombin time of 8 seconds. The 
eluate from this plasma yielded a prothrombin time of 7 seconds. Significantly, 
the eluate stored twenty-four hours in glass likewise showed the same increase 
in prothrombin activity. Usually maximum increase in prothrombin activity of 
plasma stored in glass is attained in twenty-four hours. 

These results can best be explained by postulating that component A exists 
in a free form which is responsible for the prothrombin time of fresh plasma, 
and in an inactive state which becomes activated by storage. This activation 
requires a rough surface such as glass, but neither calcium nor thrombin are 
essential. Preliminary studies indicate that this reaction is very likely also 
independent of platelets. Eventually the activation occurs also in silicone- 
coated containers. No studies so far have been made to determine in what form 
inactive component A occurs, i.e. whether it is combined or merely existing as 
an inactive precursor. Tricaleium phosphate adsorbs both forms which accounts 
for the fact that the eluate on storage increases in potency. The nature of the 
activation remains undetermined. 


The Concentration of Active and Inactive Component A in Hemophilic 
Blood. —In the development of the prothrombin consumption test,?* it was fre- 
quently observed that the prothrombin time of serum was considerably shorter 
than the prothrombin time of plasma, which in hemophilia as in healthy sub- 
jects is 12 seconds. The solution to this anomalous finding was obtained by a 
simple experiment. Blood was collected from a hemophilie subject whose Lee- 
White coagulation time was 60 minutes. The usual silicone technique was em- 
ployed. Part of the plasma was obtained by high centrifugation, the remainder 
by slow centrifugation. The native plasma in aliquotes of 3 ¢.c, was transferred 
to glass and silicone-coated test tubes. The prothrombin times were determined 
at regular intervals. 

It will be observed from the results in Table II that the prothrombin time 
became progressively shorter during the course of an hour in the glass tubes 
but remained unchanged in the silicone tubes. At the end of forty-five minutes, 
the prothrombin times of both the highly and slowly centrifuged plasmas were 
S14 seconds. The eluate likewise, which in the original plasma vielded a pro- 
hrombin time of 12 seconds, decreased in one hour to 7 seconds for the two 
‘asmas kept in glass test tubes. It is clear that hemophilie plasma contains a 
ormal concentration of both free and inactive component A, and that the ae- 
vation of the latter occurs promptly in glass. The fact that the reaction occurs 

fast in platelet-poor as in platelet-rich plasma makes it appear that the plate- 
's play no direct part. 

One of us (A.J.Q.)?? has presented evidence showing that the hemophilie 
lect is a lack of thromboplastinogen, as a result of which the utilization of pro- 
rombin is extremely small. Since hemophilie blood contains a normal con- 
utration of both component A and the labile factor, but only a trace of throm- 
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TABLE II]. THE CONCENTRATION OF FREE AND TOTAL COMPONENT A IN HEMOPHILIC BLOOD; 
THE ACTIVATING EFFECT OF GLASS SURFACE 


PROTHROMBIN TIME OF NATIVE HEMOPHILIC PLASMA (SEC.) 


HIGHLY CENTRIFUGED SLOWLY CENTRIFUGED 
rIMI GLASS (1 SILICONE (2) GLASS (3 | SILICONE (4) 
MIN. SEC, (SEC. ) (SEC, ) (SEC, ) 
0 1] 1] 1] 11 
10 1] 11 1] 1] 
20 10 1] 10 1] 
30 Oly, 11 9 1] 
15 Sly 1] S14 1] 
120 1] 1] 
Rabbit Ca,;(PO,), plasma 0.09 ee 
Eluate of hemophilic plasma O.0O1L ce, 


Prothrombin Time: 
Eluate of plasma 1 Before incubation 11 see 
After 60 min. 7 
EKluate of plasma 2 Before incubation 11 : 
After 120 min. 11 see, 
Eluate of plasma 3 Before incubation 11 
After 60 min. 7 
Eluate of plasma 4 Jefore incubation 11 
After 120 min. r 


*Coagulation began. 


hboplastin, nearly all of the prothrombin complex remains unconsumed after 
coagulation. Therefore almost all of component A remains even though hemo- 
philic blood clots, and in addition the inactive A becomes converted to the free 
state with the result that total free or active component A greatly exceeds the 
amount initially present at the time the blood was drawn. 

The Effect of Removing Platelets on the Conversion of Inactive Component 
A.—It was early observed that the prothrombin consumption time in thrombo 
¢ytopenia was, as In hemophilia, actually shorter than the prothrombin time 
of normal plasma.** The problem could now be studied more effectively. Blood 
was drawn in a chilled silicone syringe and transferred to silicone-coated test 
tubes immersed in ice. The tubes were centrifuged for thirty minutes at 4,000 
rp.m. in an angle centrifuge. Three cubic centimeters of the platelet-poor 
plasma were put in a silicone-coated test tube and an equal amount in a glass 
tube. 

It will be observed from the results in Table III that the prothrombin time 
in the silicone tube remained unchanged during one hour, whereas it shortened 
to 84 seconds in less than twenty minutes in the glass tube. An _ eluatt 
prepared immediately from the native plasma gave a prothrombin time of 12 
seconds, and a similar value was obtained from the plasma remainine on 
hour in a silicone-coated tube. The eluate from the plasma in the glass tes! 
tube vielded a prothrombin time of 8 seconds. 

In seeking the reason for these abnormally short prothromh’: times o 
platelet-poor plasma in a glass container, the most satisfactory expianation 1 
found in Quick’s theory that thromboplastinogen is activated by a_platel: 
enzyme. Since the platelets have been removed almost completely, only a trac 
of the activating enzyme is available and therefore only a minute amount 0 











serene 
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TABLE III. THE EFFECT OF GLASS AND SILICONE SURFACES ON THE PROTHROMBIN ACTIVITY 
(CHANGE IN CONCENTRATION OF FREE COMPONENT A) OF PLATELET-POOR NORMAL 
NATIVE HUMAN PLASMA 


PROTHROMBIN TIME OF NATIVE HUMAN PLASMA 


TIME (MIN.) GLASS (1) (SEC.) SILICONE (2 SEC. 
U lz 12 
10 10 11% 
20 SI, lls 
30 11% 
60 11% 


Kluate Tested by Mixing With 9 Parts of Rabbit Ca,(PO,),. Plasma 


Plasma 1 Before incubation 12 see. 
After 20 min, S sec. 
Plasma 2 Before incubation 12 see. 
After 60 min. 12 see, 


*Coagulation began at 15 minutes. 


thromboplastin is formed. As in hemophilia, only a small fraction of the labile 
factor and component A is consumed in the reaction with thromboplastin, and 
since additional free component A is derived from inactive component A, the 
total amount of the latter is more than twice that of the original plasma. 


TABLE LV. THE EFFECT OF SURFACE (GLASS AND SILICONE) ON THE PROTHROMBIN 
CONSUMPTION TIME WHEN THROMBIN* IS ADDED TO PLATELET-POOR 
NATIVE HUMAN PLASMA 


PROTHROMBIN CONSUMPTION TIMET 


TIME OF INCUBATION (MIN.) IN GLASS (SEC.) IN SILICONE (SEC. 
0 12 12 
15 S 1] 
30 8 1] 
7) & 1] 


*To 1 ¢.c. of native plasma, 0.01 c.c. of thrombin (Quick’s full strength) was added, 
‘The prothrombin consumption test time was determined by the procedure previously 


lescribed.*7 

In order to determine whether thrombin is the agent responsible for the 
conversion of inactive component A to the active form, native platelet-poor 
plasma was placed in silicone and in glass test tubes and thrombin added to 
both. As seen from the results in Table IV, there is no indication that thrombin 
‘aused any activation of inert component A in silicone. Whether it participated 
n the reaction occurring in glass is difficult to decide. 

The Effect of Dicumarol on the Concentration of Free and Inactive Com- 
nent A—Only preliminary studies have been made. The findings indicate 
hat both free and the inactive component A are reduced. Further studies 
re In progress. 

The Relative Ratios of Free to Inactive Component A in Congenital Hypo- 
‘othrombinemias.—There are three known types of congenital hypoprothrom- 
nemia.2* 2% 8° Tn one the labile factor is diminished while in the other two 

is agent is normal but component A is diminished. In the first type according 


Owren,®” who has reported the only ease so far known in which the labile 
ctor (Factor V) was apparently diminished from birth, the conventional 


‘thrombin is quantitatively normal. 
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In types IT and III of congenital hypoprothrombinemia the labile factor 
is normal. Both types show a prolonged prothrombin time by the one-stage 
method, but curiously when 1 vol. of type II is added to an equal volume of 
type III, the resulting mixture has a prothrombin time which is nearly that 
of normal plasma.*° 

To explain these results, Quick®* postulated that one type (IT) lacked 
component A and that the second type (IIT) was deficient in a hypothetical 
component B, and that when the plasmas of the two types were mixed in equal 
volumes they mutually corrected each other. With the new evidence obtained 
in this study that only a part of the total component A is present in the active 
state, a better interpretation of these findings can be offered and means to 
differentiate types II and III ean be formulated. 

From the results in Table V, the basic difference between the two types of 
congenital hypoprothrombinemia becomes clearly evident. In type II there is a 
definite lack of both free and total component A; whereas in type III, the free 
is diminished but the total may be practically the same as that of normal plasma. 
When plasma of type II is mixed with type III, sufficient inactive component 
A of the latter plasma is converted to the active form to bring the prothrombin 


time nearly to normal. 


TABLE V. THE CONCENTRATION OF FREE AND TOTAL COMPONENT A IN THE TWo TYPES OF 
CONGENITAL HYPOPROTHROMBINEMIA IN WHICH THE LABILE FACTOR IS NORMAL 
Rabbit Ca,(PO,), plasma 0.0 0.01 0.02. 0.05 0.04 0.05 0.06 0.07 0.08 0.09 

[ Glo F 
Congenital hypoprothrombin 0.1 0.09 0.08 0.07 0.06 0.05 0.04 0.03 0.02 0.01 
emia plasma (¢.c¢. 


Prothrombin Time (See.) 


Type Il, fresh plasma 20 9 191%, 20% 21 22 23 26 35 53 

Type II, after 4 days of 37 «17% 17 16 164%, 161%, 18% 21 28 42 
storage in glass 

Type III, fresh plasma 16 «15 14% 15 15 16 17% 18% 22% © 30 

Type III, after 5 days of 30 10 9 8 8 Si, 8% 9 1] 17 


storage in glass 


The eluates were tested by adding 0.01 ¢.c. to 0.09 ¢.c. of rabbit plasma treated with Ca,(PO,) 


Prothrombin Time 


Eluate of fresh plasma, type II 17 see. 
Eluate of stored plasma, type II 16 see, 
Eluate of fresh plasma, type II] 13 see. 
Eluate of stored plasma, type III 7 see. 


Apparently there is in plasma a regulating mechanism which determines 
the ratio of free to total component A. In normal human plasma, the ratio is 
such that a prothrombin time of 12 seconds is obtained with the one-stag 
method. When all of component A is converted to the free state as occurs i 
storage, the prothrombin time becomes 7 to 8 seconds. Similar values are ob 
tained when type III plasma is stored in glass even though the prothrombin tim: 
of the fresh plasma may be elevated significantly. Clearly, in this form of hypo 
prothrombinemia, the concentration of free component A is fixed at a lev 
lower than normal. The fixation of the free prothrombin level appears definite! 


to be established by heredity. The affected members of the family who hay 
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heen studied in our laboratory?* ” have a prothrombin time of 16 seconds. 
A second family has recently been studied in which the prothrombin time of the 
mother and her two children is 14 seconds. None of these subjects has a bleed- 
ing tendency. It is likely, however, that if the level of the free component A 
falls below a eritical level, a hemorrhagic diathesis will develop. The patient 
studied by Hagen and Watson*? very probably has a type III hypoprothrombin- 
emia, and she has a severe bleeding condition.* In rabbits and dogs nearly all 
of component A is in the free state, according to our preliminary studies. 


DISCUSSION 


The findings reported in this paper promise to offer for the first time means 
to correlate and harmonize the significant contributions of Bordet,** ** Nolf,°° 
and the more recent investigators. It will be reealled that Bordet concluded 
that both eytozyme (thromboplastin) and serozyme (prothrombin) were mother 
substances of thrombin. He believed that the platelets liberated eytozyme when 
they came in contact with a rough surface. He further postulated that the sero- 
zyme in ecireulating blood was in an inactive state which he named prosero- 
zyme. lor its activation, calcium and a rough surface were required. He con- 
cluded that tricalcium phosphate completely removed serozyme and assumed 
that the resulting ‘‘phosphate plasma’’ contained only one remaining clotting 
factor, namely fibrinogen. Nolf,° on the contrary, postulated that serozyme 
contained two factors, thrombozyme adsorbable by tricalcium phosphate and 
thrombogen which remained in the ‘‘ phosphate plasma.’’ Nolf unfortunately 
failed to recognize the importance of platelets and in his earlier work looked 
upon thrombin not as the cause of clotting but as a consequence of the reaction. 

In agreement with Bordet, the present findings confirm the existence of a 
proserozyme, but differ in that not all but only a part of the serozyme is in this 
inactive state. The activation of proserozyme, i.e., the conversion of inactive 
component A, requires a rough surface like glass, but apparently is not depend- 
ent upon ealeium as Bordet assumed since the activation occurs in oxalated 
plasma. Bordet was not aware that phosphate plasma still contained a clotting 
factor other than fibrinogen. Undoubtedly the thrombogen of Nolf is identical 
with the labile factor. 

In the development of this subject the establishment of the concept that 

interaction of thromboplastin with the prothrombin complex is stoechio- 

trie was of basic importance. Mertz, Seegers, and Smith*® showed that the 
ount of thrombin obtained from a fixed amount of prothrombin increased 
portionately to the quantity of thromboplastin added until the optimum 
reached, Later, Quick** showed that calcium likewise acted stoechiometric- 
in this reaction. With the discovery of the labile factor, and the finding 
it shortened the prothrombin time, a new period of confusion set in. Quick 
lated its action was stoechiometric, whereas Owren** claimed that it fune- 
ed in forming a prothrombin-converting enzyme. Fantl and Nance,’ who 
lied this factor, concluded that it increased the speed of the conversion of 
rombin and they named it prothrombin accelerator. Munro and Munro? 


‘Dr. Paul S. Hagen kindly supplied us with blood from this patient and it was found 
lacked both free and total prothrombin. 
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believed that prothrombin on storage became partly inactivated by an alteration 
of a labile group in the molecule and could again be reactivated, but they ap- 
parently did not consider that the activating agent was the labile factor. Seegers 
and associates, who are now inclined to agree'® that the agent which they named 
Ac-globulin is the same as the labile factor, assumed that it increased the con- 
version rate of prothrombin. Murphy and Seegers'’ attempted to explain the 
discrepancies in prothrombin values of different species obtained by the one- 
and two-stage methods on the variations of the concentration of Ae-elobulin. 

As already mentioned, we have presented experimental findings which show 
that increasing the concentration of labile factor manifold did not decrease the 
prothrombin time.** Assuredly, the prothrombin time should be a sensitive test 
of the speed of conversion of prothrombin. In our studies, we learned that con- 
sistent results were obtainable only if silicone glassware was used. Since Bor- 
det’s work had been forgotten, it was generally assumed that a rough surface 
influenced only platelet disintegration, with the result that conversion of in- 
active component A to the active state which occurred was not recognized and 
was misinterpreted as a conversion of prothrombin to thrombin, The serum 
prothrombin conversion accelerator of Alexander and co-workers®’ is very prob- 
ably coneerned with the activation of component A rather than with the con- 
version of prothrombin to thrombin. 

Many of the findings on Ac-globulin by Seegers and his associates are dil- 
ficult to interpret because much of their material was collected in slaughter 
houses and generally in large containers. Under such conditions, considerable 
changes could occur even before the blood was decalcified, especially since 
sodium oxalate is relatively slow in its action.2* Fahey, Ware, and Seegers’* 
observed no difference in the influence of silicone and glass surfaces on the sta 
bility of Aec-globulin, which agrees with our observations. They failed to note 
however that a glass surface has a basic influence in converting inactive com 
ponent A to the active state, because the methods of study which they employed 
did not distinguish between free and total prothrombin (component A). 

A rational explanation for the differences in prothrombin determination 
by the one- and two-stage methods can now be offered. By the one-stage pro- 
cedure, the prothrombin activity of dog blood is almost five times as great as 
that of human blood, whereas by the two-stage method, the prothrombin of dog 
blood is only slightly higher than in human blood. As already stated, the pro 
thrombin time of fresh human plasma is 12 seconds, but the time of stored 


blood with the labile factor restored may be 7 to 8 seconds. The prothrombi: 


time of dog plasma is 6 seconds. Since it can be assumed that in stored bloo: 


all the component A becomes activated, one can see that the prothrombin a 


tivity of dog plasma and of human plasma with all of its prothrombin activate: 
is of the same order of magnitude. In earrying out the two-stage method, tlic 
conditions are such that all of the prothrombin (component A) is converte 
to the active form. Therefore the method measures only total component -\. 
The one-stage method, or the contrary, measures only free or active compone 

A. The fact that component A can be quantitatively adsorbed and eluted ai 
then tested on a standardized deprothrombinized medium makes it possible ‘0 








fisraic anette td aA? 
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check the results of the one-stage method. By this means it has been found that 
dog plasma contains over four times as much free component A as human 
plasma.*4 

The establishment that component A, or the ¢lassical prothrombin, exists 
in human blood both in the free and in the precursor state creates a new prob- 
lem. How and when does the inactive prothrombin become available in physio- 
logic coagulation? From test tube experiments it is clear that a rough surface 
is required, but it is still uncertain whether such a surface is available intra- 
corporally. It still remains to be determined whether the precursor component 
A functions directly in coagulation, or whether it serves as a supply of free 
component A. 

It is obvious that the terminology now in general use is cumbersome and in 
some instances inaccurate. We have adhered to the term labile factor since it is 
deseriptive and noncommittal. We see no justification for calling it an ae- 
celerator. Eventually, when its action is better defined, a more suitable name 
may be found. In regard to component A, it appears fairly certain that it is or 
is closely related to the classical prothrombin, the serozyme of Bordet, and the 
thrombozyme of Nolf. If component A be named prothrombin, it becomes dif- 
ficult to decide what its inactive or precursor compound should be called. One 
term which suggests itself is prothrombinogen. Since such a term in recent 
enzyme chemistry implies that in its activation cleavage occurs, it seems ad- 
visable to postpone action until such time when the mechanism has been eluci- 
dated. For the present, the neutral terms component A and pre-A seem best. 


SUMMARY 


1. From studies based on the prothrombin time of plasma and from data 
obtained with the adsorption and elution of component <A, it is concluded that 
the formation of thrombin requires component A, the labile factor, thrombo- 
plastin, and combined calcium. This reaction appears to follow the law of mass 
action. There is no evidence that any of the factors are aecelerators. 

2. In fresh human plasma, component A (prothrombin) is present partly 
ree and partly in an inactive or precursor state which corresponds to the pro- 
erozyme of Bordet. It requires a rough surface for its activation, but there is 
no evidence that caleium, thromboplastin, or thrombin are essential for its eon- 
ersion to the active state. In oxalated human plasma, nearly all of component 
\ is changed to the active form after twenty-four hours of storage if kept in 

itact with a rough surface such as glass. 

3. In the coagulation of plasma in which there is a deficiency of available 
omboplastin due either to a lack of thromboplastinogen as in hemophilia or 
removal of platelets, the concentration of free component A is markedly in- 
ised beeause little of the original active form is consumed and additional 
ive component A is produced from the inactive precursor. 

4. Two types of congenital hypoprothrombinemia are known in which a 

iency of component A occurs. In one type a true deficiency of both free 

total component A exists. In the second type, which is the more common 
is hereditary, the concentration of total component A is normal, but the 
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amount of free or active is below normal. This suggests that a mechanism, still 
completely unknown, regulates the ratio of active to total component A. 

5’. The present work confirms the early conclusions of Bordet that serozyme 
or prothrombin may exist in an inactive or precursor state; but, unlike Bordet’s 
concept that all exists as proserozyme, the present findings show that a large 
fraction of the total component A is in an active form. It appears probable that 
in a number of recent studies the activation of component A has been misin- 
terpreted as an acceleration of the conversion of prothrombin to thrombin. 

6. Since the procedure of the two-stage method for determining prothrombin 
is such that all of the component A is converted to the active form, this method 
determines total prothrombin (component A) but does not distinguish between 
the free and inactive form. The one-stage method, on the contrary, determines 
the free or active component A and, to determine the total, all of component A 
must first be converted to the active state. 
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FAILURE OF SENSITIZED SHEEP CELL AGGLUTINATION TO 
CLARIFY THE DIAGNOSIS OF RHEUMATIC DISEASE 


JAMES KE. Minuer, M.D., Eisa R. Lyncu, M.T., AND JoHN LANSBURY, M.D. 
PHILADELPHIA, PA. 


INTRODUCTION 


. joint pain in a patient often presents a difficult diagnostic problem. 
For this reason, the report by Rose, Ragan, Pearce, and Lipman! of a test 
that was diagnostic for active rheumatoid arthritis was received with much en- 
thusiasm. However, much more study is indicated before the reliability of this 
test is established and before it can be placed in the hand of the elinician as a 
proved aid to the diagnosis of active rheumatoid arthritis. 

Rose and co-workers! found that the sera of patients with active rheumatoid 
arthritis agglutinated sheep cells sensitized with rabbit antisheep cell serum in 
a much higher titer than they agglutinated plain sheep cells. In their series, 
the sera of twenty-seven patients with active rheumatoid arthritis were tested. 
Four of the sera had differential titers of 16 and the remainder had differential 
titers exceeding this level. Also reported in this series were sixteen cases of 
inactive rheumatoid arthritis, five of which had differential titers exceeding 16, 
while the remainder had differential titers ranging from zero to 16. Ineluded 
in their report were twenty-nine patients without evidence of arthritis. Two of 
these patients had a differential titer of 16, while the remaining twenty-seven 
had a titer of eight or less. 

Cases of rheumatoid spondylitis, rheumatie fever, arthritis other than 
rheumatoid arthritis and rheumatic fever, infectious mononucleosis, and Still’s 
disease were included in their study, all but two demonstrating differential 
agglutination titers below 16. They concluded that a sixteen fold difference or 
more occurs almost exclusively with the sera of patients with rheumatoid arth- 
ritis, and that the magnitude of the difference in titer usually reflects the clinica! 
activity of the disease. 

It is the purpose of this paper to present our results with this procedure ; 
to correlate, if possible, the results of this test with the activity of the disease ; 
and to determine how much promise it might hold for the clinician in the dil- 
ferential diagnosis of the arthritides. 


METHODS AND MATERIALS 


In our initial series we used the method of Rose and associates! as follows. The ser 
of patients with active rheumatoid arthritis was diluted serially and added to 1 per ¢ 
suspension of normal sheep erythrocytes in one set of tubes, and in another set of tubes 1 
same serum in the same dilutions was added to a similar amount of 1 per cent suspension 
sensitized sheep erythrocytes. Rose and co-workers! report agglutination up to 1+ occurs 
with the sensitized sheep erythrocytes in a serum dilution that is sixteen times (or more) 
From the Departments of Medicine and Bacteriology and Immunology, Temple Univers 
School of Medicine. 
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dilution with the normal sheep erythrocytes. Sheep erythrocytes were sensitized by 2 units 
of rabbit antisheep cell serum prepared by the technique used for the Kolmer complement 
fixation test.2 The normal sheep erythrocytes were prepared from fresh defibrinated blood 
by washing the cells three times in saline (0.85 per cent), centrifuging, and resuspending in 
saline to make a 1 per cent suspension by volume. 


Dilutions of rabbit antisheep cell sera ranging from 1:1,000 to 1:10,000 were made 


n 
saline; 0.5 ml. of each dilution was then mixed with 0.5 ml. of a 2 per cent suspension of 
washed sheep cells and to each tube 0.1 ml. of a 1:10 dilution of fresh guinea pig complement 
was added. The tubes were incubated in a water bath at 37° C. for one hour and the highest 
dilution of the serum producing complete hemolysis was considered to contain 1 unit of 
hemolysin. 

When doing the agglutination test, the rabbit antisheep cell serum was diluted so as to 
contain 2 units of hemolysin and mixed with an equal volume of a 2 per cent suspension of 
sheep cells. 

This method determines the unit of sensitizing antibody according to its hemolytic 
titer, but, as will be discussed later, we were unable to obtain differential titers exceeding 
+8 by this technique. Rose’ later suggested the agglutinative titer of the serum rather than 
the hemolytic titer as a more reliable index. Therefore the greater number of our determina- 
tions were made with the agglutinative titer. 

For the agglutinative titer, dilutions of rabbit antisheep cell serum from 1:100 up, in 
steps of 100, in a volume of 0.25 ml. were set up; to each tube 0.25 ml. of a 2 per cent 
suspension of sheep erythrocytes was added; the tubes were incubated at 37° C. for one hour 
and then kept in the icebox overnight. After centrifugation in order to obtain more definite 
agglutination, readings were taken, The highest serum dilution giving visible agglutination 
was taken as the agglutinative titer. For example, if the titer were 1:500, a dilution of 
1:1,000 was used. 

Whether the hemolytic or agglutinative titer was used the remainder of the test was 
set up identically. Serum was obtained from freshly collected venous blood of patients and 
the complement was inactivated by heating at 56° C. for thirty minutes. Dilutions of serum 
in duplicate (twelve tubes each) containing 0.25 ml. saline were made, To each of one series 
was added 0.25 ml. of 1 per cent suspension of normal sheep erythrocytes and to the other 
series 0.25 ml. of the 1 per cent suspension of sensitized sheep erythrocytes. The final serum 
dilutions were therefore 1:4, 1:8,...... 1:8,192. These were mixed well and placed in the 
‘ebox and read in twenty-four hours. In reading the results the highest dilution of serum 
showing a 1+ agglutination was recorded as the end point. The differential titer was the 
highest dilution of the serum agglutinating sensitized sheep erythrocytes to 1+ divided by the 

ighest dilution of the serum agglutinating normal sheep cells to 14+. For example, if sen- 
tized sheep cells were agglutinated to 1+ in a serum dilution of 1:128 and the normal sheep 
‘ells agglutinated to 1:16, then the differential titer would be 8. (This can be referred to as 
e ‘‘algebraie difference.’’) 
In obtaining material for this study it was decided to include all cases of arthralgia 
| cases of the so-called collagen diseases. But after examining twelve patients it was ap- 
ent that the differential titers being obtained were not high enough to be significant. At 
s time the technique was reviewed and the decision made to use the agglutinative titer. 
ereafter, cases of rheumatoid arthritis, osteoarthritis, rheumatoid spondylitis, psoriatic 
lritis, rheumatie fever, lupus erythematosus disseminatus, and controls were used, but 
primary interest was in active rheumatoid arthritis so that the reproducibility of the test 
be determined. 


RESULTS 
Using the hemolytic titer, agglutination tests were performed with the ser 
twelve patients. The results are tabulated in Table I. The differential titer 
er exceeded an eightfold difference even though this includes four cases of 
alive rheumatoid arthritis. There was no correlation between activity and the 
erential titer. 
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TABLE I, DIFFERENTIAL SHEEP CELL AGGLUTINATION USING THE HEMOLYTIC TITER 


PA- AGE SED. DIFF. 


TIENT DIAGNOSIS SEX (YR. RATE W.B.C. | N.S.C. S.S.C. TITER 
~E.K. Rheumatoid arthritis ac i 64 23 8,800 1:4 1:8 Z 


tive, with scleroderma 
and calcinosis 


J.H. Rheumatoid arthritis ae I 69 25 8,800 1:4 1:4 0 
tive; osteoarthritis 

R.H. Rheumatoid arthritis ae K 54 23 8,500 1:16 1:16 0 
tive 

3:8. Kheumatoid arthritis ae M d+ 24 9,100 1:16 1:128 8 
tive 

M. M. Rheumatoid arthritis in M 79 9 7.400 0 0 0 
active 

M.S. Lupus erythematosus KF 20) 24 800 1:16 1:32 2 
disseminatus 

E. Ss. Palindromie rheumatism K 10 13 9,000 1:4 1:8 2 

R.M. Acute rheumatic fever; F 24 26 14,400 0 1:4 4 
pregnancy (2 mo.) 

L. K. Undiagnosed joint pain M 29 25 14,800 1:4 1:16 4 

B. B. Bilateral sclerosing M 19 Hi) 7,700 0 1:4 4 
osteitis of sacrum 

J.F. Infectious mononucleosis K 23 - 7,900 1:128 1:512 4 

G.L. Conversion hysteria with EF 24 7 5,800 1:8 1:16 > 


joint pain 

N.S.C., Normal sheep cells. 

S.S.C. Sensitized sheep celis. 

Using the agglutinative titer, agglutination tests were performed on the 
sera of forty-four patients and the results are summarized in Table II. The 
cases may be divided into the following groups: (1) active rheumatoid arthritis, 
(2) nonrheumatoid joint disease, (3) latent syphilis, and (4) controls. 

The differential titers in the twenty-one cases of active rheumatoid arth- 
ritis ranged from 0.25, in which the normal sheep cells were agglutinated to 1:16 
and the sensitized sheep cells to 1:4, to the highest differential of 64. These pa- 
tients all had elevated sedimentation rates, joint pain, and objective evidence 
of joint disease. The magnitude of the difference in titer did not reflect the 
clinical activity of the disease nor was there any definite correlation between 
the differential titer and the erythrocyte sedimentation rate. It is interesting 
to note that one of the controls had a differential titer of 64. An average ot 
the differential titers of the twenty-one cases of active rheumatoid arthritis is 
21.56 which is above the sixteen fold difference which has been designated by 
Rose and co-workers' as the upper limit of ‘‘normal.’’? Table III summarizes 
these averages. 

TABLE IT. DIFFERENTIAL AGGLUTINATION WITH AGGLUTINATIVE TITER—FORTY-FOUR 


PATIENTS 


NUMBER | DIFFERENTIAL AGGLUTINATION TITERS 


CLINICAL DIAGNOSIS | OF CASES 0) 2 4 S 16 32 | 64 128 
Rheumatoid arthritis active 21 3 3 1 7 4 3 
Rheumatoid spondylitis 2 2 
Rheumatoid spondylitis with pe l 1 

ripheral joint involvement 
Psoriatic arthritis 2 l ] 
Rheumatie fever—acute } ] 2 
Lupus erythematosus disseminatus l l 
Osteoarthritis ] ] 
Infectious arthritis l 1 
Syphilis 4) ] 3 1 
7 2 3 1 1 


Controls 
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TABLE III. AVERAGES OF DIFFERENTIAL TITERS—FORTY-FOUR PATIENTS 


NUMBER DIFFERENTIAL TITER AVERAGES 
CLINICAL DIAGNOSIS OF CASES 0) 2 4 S 16 32 64 
Rheumatoid arthritis active 2a 21.56 
Rheumatoid spondylitis 2 8 
Rheumatoid spondylitis with pe l S 
ripheral joint involvement 
Psoriatic arthritis 2 5 
Rheumatie fever 3 (3.33 ) 
Lupus erythematosus disseminatus l 4 
Osteoarthritis I | ws 
Infectious arthritis 1 2 
Syphilis 4S 17.6 
Controls rf 12 J 


The cases of nonrheumatoid joint disease included: psoriatic arthritis, two 
patients; rheumatoid spondylitis, three patients, one of whom had _ peripheral 
joint involvement; osteoarthritis, one patient; active rheumatic fever, three 
patients; infectious arthritis, subsiding after evacuation of an ischiorectal ab- 
scess, one patient; and one patient with lupus erythematosus disseminatus. The 
patient with osteoarthritis had a differential titer of 64. One of the patients 
with psoriatie arthritis had a differential titer of 16. None of the others had 
differential titers exceeding 8. The average of the differential titers of this 
group was 10.9. 

Another point of interest is the consistently high differential titer which 
was obtained with the sera of patients with latent syphilis but without sub- 
jective or objective evidence of joint disease. T'ive cases averaged a differential 
titer of 17.6 (see Table III) with differentials ranging from eightfold to thirty- 
two fold. 

The seven control patients with no evidence of joint disease and with nega- 
tive serologies included two cases of psychoneurosis; two normal individuals ; 
one case of pericarditis, etiology undetermined ; single cases of heart failure and 
hypertension. These controls had differential titers ranging from zero to 64 
and the average of the differential titers was 12. This indicates that the dilu- 
tion of the rabbit antisheep cell serum used in our studies was of the proper 
quality and that its agglutinative titer was satisfactory. Certainly, if repro- 
dueible results are to be obtained, such an adequate agglutinative titer is neces- 
sary. 

It is apparent from the results obtained in this study that sensitized sheep 
cell agglutination is not specific enough to be of value as a diagnostic aid for 
ictive rheumatoid arthritis. Of the twenty-one cases of active rheumatoid arth- 
‘itis, 66 per cent showed a differential titer of 16 or less. If the upper limit of 
‘‘normal’’ were reduced to a differential of 8, 33 per cent of these cases were 
still ‘“‘negative.’’ It would not be feasible to lower this dividing line to 8 since 
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the average differential titer of the control group was 12. As is shown in Table 
III the average for the active rheumatoid arthritis group was 21.56, which was 
higher than in any other control or disease group. There is a tendency for the 
sera of this group of patients to agglutinate sensitized sheep cells to a higher 
titer, but not sufficiently so to warrant the claim that this test might be specifi- 
cally applied in any individual case. 

Only one control serum had a differential titer above 8, but that was 64. 
This result might suggest an error in technique or in the quality of the rabbit 
antisheep cell serum used, but set up at the same time as this control serum and 
with rabbit antisheep cell serum of the same agglutinative titer were sera from 
another control, three patients with active rheumatoid arthritis, two with 
rheumatoid spondylitis, one patient with psoriatie arthritis, and one with syphi- 
lis. The differential titers of the rheumatoid arthritis cases were 32, 8, and 
zero; those of the psoriatic arthritis and syphilis cases were each 16; those of 
the rheumatoid spondylitis cases were each 8; and that of the other control 
was 4. 

DISCUSSION 

Since the results obtained in this study indicate that the sensitized sheep 
cell test is not specific enough to be of value in the diagnosis of active rheumatoid 
arthritis, it is difficult to postulate what the mechanism might be. 

Rose and associates! carried out differential sheep cell agglutination tests 
with the eleetrophoretically separated beta-gamma globulin fractions of the 
serum from patients with active and inactive rheumatoid arthritis and found 
that the results paralleled those which they obtained with the whole serum. 





They also found that, in general, the patients with active rheumatoid arthritis 
with differential titers of 16 or higher also gave positive streptococcal agglutina- 
tion tests. 

Wallis? has suggested that the agglutination of streptococci by the serum 
of patients is a nonspecific effect, since the same serum may also agglutinate 
collodion particles, He also noted the increased ability of the serum of patients 
with rheumatoid arthritis to agglutinate nonencapsulated pneumococei® and 
suggested that this might be due to a nonspecific enhancement of the action of 
normally present antibodies. It also has been shown? that the sera of patients 
with well-established rheumatoid arthritis have a tendeney to precipitate in the 
saline control tube of a precipitin test, especially after centrifugation. 

In this study no attempts were made to perform differential sheep cell ag- 
elutinations on serum fractions since consistent results were not obtained with 
the whole serum. 

The mechanism of this reaction is very puzzling. It appears likely that 
the reaction is nonspecific in the sense that the reaction is not due to the presence 
of a specific antibody in the patient’s serum but to an increase in some com- 
ponent, possibly globulin, which alters the physicochemical equilibrium. 


SUMMARY AND CONCLUSIONS 
1. Using the hemolytie titer as proposed by Rose and co-workers,’ agglutina- 
tion tests with sensitized and normal sheep cells were performed with the sera 
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of twelve patients. The differential titer never exceeded an eightfold difference 
even though four cases of active rheumatoid arthritis were included. 

2. Using the agglutinative titer, agglutination tests were performed with 
the sera of forty-four patients including twenty-one patients with active rheuma- 
toid arthritis. The magnitude of the difference in titer did not reflect the clinical 
activity of rheumatoid arthritis nor were individual determinations significantly 
different in the sera of patients with rheumatoid arthritis as compared with 
various control groups. 

3. Differential agglutination of normal and sensitized sheep erythrocytes, 
using either the hemolytic or agglutinative titer, is not specific enough to be of 
value as an aid in the diagnosis of active rheumatoid arthritis. 
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EVALUATION OF AN IN VITRO HEPARIN TOLERANCE TEST 
FOR THROMBOEMBOLIC DISEASE 


Davip I. Kravcuick, M.D., ANp Louis SuEemman, M.D. 
New York, N. Y. 


HE need for a laboratory test to predict thromboembolic disease has been 

recognized for some time. Waugh and Ruddick,’ ? working along these 
lines, measured the ability of whole blood to counteract the anticoagulant effects 
of heparin in vitro. The basis for this test was the physiologic antagonism be- 
tween thromboplastin and heparin; the former substance was considered to be 
increased in the bloodstream in eases of accelerated coagulation. By using in- 
creasing amounts of heparin in a series of test tubes, they attempted a ‘‘eon- 
trolled declaration of the clotting process.”’ In interpreting the Waugh-Ruddick 
test, any curve that falls below the accepted normal range would indicate ac- 
celerated coagulability. On the other hand, results above the normal range 
would point to delayed coagulability. 

Silverman*® modified the test in an attempt at increasing its accuracy and 
eliminating certain inherent mechanical difficulties. In our studies at The Bronx 
Hospital, the Silverman modification of the Waugh-Ruddick test was used. 


METHOD 


Serial dilutions of heparin were prepared as follows. 
A stock solution was made containing 0.6 ¢.ec. of heparin (1,000 units per cubic centi 


meter) in 300 ¢.c. of normal saline. The actual dilutions were made from the stock solution. 


STOCK SOLUTIONS NORMAL SALINE HEPARIN (UNIT PER 
(Gx; (C.C.) 0.1 C.C.) 
gS 0 50 0 
2 5 15 1/50 
3. 10 40 2/350 
4, 15 35 3/50 
5. 20 30 4/50 
6. 25 25 5/50 
fk 30 20 6/50 
8, 35 15 7/50 


Four and one half cubic centimeters of blood were drawn and added to a tube contain- 
ing 0.5 ¢.c. of 0.1M sodium oxalate. This was centrifuged to separate the plasma; 0.1 e.c. 
of plasma was placed in each of eight tubes (100 by 13 mm.). To each tube 0.1 ¢.c, of one 
of the correspondingly numbered heparin solutions was added. Then 0.2 ¢.c. of 0.01M eal- 
cium chloride was added to each tube to offset the oxalate previously used and the time was 
noted. All tubes were then immediately placed in a water bath at 37.5° C. and the rack was 
gently tilted periodically uatil coagulation was noted. Invariably the numbered tubes clotted 
in the expectedly orderly sequence. 

The following precautions were taken to insure accuracy and uniformity of the test. 

1. Stock solutions were kept at a temperature of 4° C. when not in use. 

2. The Wassermann type of tubes were of uniform size and scrupulously clean. 

3. Venepuncture was done carefully and a clean dry syringe and needle were used. 

From the Department of Pathology, The Bronx Hospital; Joseph Felsen, M.D., Director. 


The authors are deeply indebted to Dr. William Wolarksy for the statistical analysis 
presented herein. 


Received for publication, May 26, 1949. 
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4. The test was always performed in a water bath of constant suitable temperature as 
suggested by Whittaker.4 

5. At periodic intervals the heparin solutions were checked for stability. Determina 
tions were performed on the plasma of a normal individual using both old and freshly pre 
pared solutions, At intervals of two to three weeks these results checked closely. Likewise, 
a new unopened vial of heparin (1,000 units per cubic centimeter) was checked against the 
old one and again a close correlation in results was noted. 


6. The test was performed at about 10 A.M. in each instance. 
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Fig. 1.—This graph shows the range and mean clotting times for each tube in ninety control 
determinations. 


RESULTS 

Seventy-four individuals were used as controls and ninety determinations 
were performed on this group. The controls varied in age from the third to 
the seventh decade and none showed clinical evidence of heart disease, thrombo- 
embolic phenomena, or blood dyserasias. All were ambulatory. Our findings 
with this group are recorded in Fig. 1. It will be noted that as the tubes con- 
fuin Inereasing amounts of heparin the mean clotting time increases. The aver- 
ave inerease in clotting time from tube to tube is 1.56 minutes, with an actual 
raige of difference from 1.04 minutes to 1.80 minutes. Attention is directed 
to the wide scatter of clotting times among normal individuals, especially in the 
tues containing larger amounts of heparin. Two and three determinations were 
pe: formed on some of the controls to note the variation in heparin tolerance not 
ony among different individuals but also in the same person from day to day. 
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A few individuals showed a close correlation on repeated determinations, while 
most showed marked variations. Fig, 2 illustrates the different types of results 
obtained in two controls. 

After having established the normal range, the test was performed on twelve 
obstetric patients and seven candidates for prostatectomy. In the obstetric 
cases a determination was made ante partum and forty-eight hours post partum, 


COMPARATIVE DATA IN 2 CONTROLS 
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Fig. 2.—These curves illustrate the variation in results upon repeating the test in two 
controls on different days. In Control 2 the correlation is good; while in Control 24 a 


marked difference in coagulability is noted. The solid line, 4, in each control represents. the 
first study; the interrupted line, 2, is the repeat study. 

and if an accelerated curve was then found a third test was performed seven 
days post partum. The same routine was followed in the prostatectomy eases. 
The initial determination in each case was included in our control series. Table 
I shows comparison of these groups and our controls, with a statistical analysis 
of the results. The difference between the standard deviations of the control 
group and the obstetric postoperative group is smaller than 3 sigma, in the cas« 
of each of the eight tubes. Thus, none of the tubes shows a significant statistica! 
difference from the control to the obstetric-postoperative group. 

TABLE I. STATISTICAL ANALYSIS OF MEAN DIFFERENCES OF SERIAL CLOTTING TIMES 
BETWEEN CONTROL AND POSTOPERATIVE GROUPS 


POSTOPERATIVE 


CONTROLS (90) PATIENTS (19) ANALYSIS 
; ; TEST FOR 
MEAN MEAN DIFFERENCES SIGNIFI 
CLOTTING STANDARD | CLOTTING STANDARD BETWEEN | CANCE 
TUBE TIME* DEVIATION TIME DEVIATION MEANS (30) 
1 4.87 1.77 1.04 1.56 0.83 1.23 
2 6.33 2.01 5.44 1.80 0.89 1.35 
3 7.87 2.74 6.59 2.46 1.28 1.86 
4 9.30 5 OY 7.74 2.79 1.56 2.19 
5 11.10 5.10 8.85 4.05 2.25 3.21 
6 13.06 6.21 9.85 4.50 3:2) 3.63 
7 14.10 7.20 10.63 5.40 3.47 4.26 
8 15.80 8.76 11.44 6.18 4.36 5.64 


*All clotting times expressed in minutes. 
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DISCUSSION 

In clinical application, preliminary studies by Waugh and Ruddick? showed 
that an accelerated type of curve was obtained under the following cireum- 
stances. 

1. During uncomplicated bed rest. 

2. Following operative procedures. 

3. In the presence of acute infections. 

4. In the presence of hemorrhage. 

Prolongation of the curve was noted in patients undergoing radiation 
therapy. 

In performing his test on nine operative patients, Silverman* noted a defi- 
nite increase in coagulability following operation. This began within twenty- 
four hours after operation and lasted for approximately one week. Concomitant 
platelet counts were done and no increase was found until six or seven days after 
operation, so that thromboecytosis was not a significant factor in these results in 
the early postoperative period. 

Further application of the principles of the Waugh-Ruddick test by Ogura 
and co-workers’ in twenty-seven cases of coronary thrombosis revealed an ac- 
celerated coagulation curve in 77.8 per cent of the cases. The onset and dura- 
tion of this acceleration corresponded with the time range pointed out by Silver- 
man, as noted. A total of sixteen controls was used in this series; seven were 
normal individuals and nine were cardiae patients without thrombosis and at 
hed rest. Conventional tests for coagulation performed alongside this in vitro 
heparin tolerance test failed to detect any acceleration. The conclusion reached 
by these authors was that the accelerated coagulation did not cause the coronary 
thrombosis but was a result of myocardial destruction. 

De Takats® made use of an in vivo heparin tolerance test as an aid in the 
diagnosis of thromboembolic disease. Ten milligrams of purified heparin were 
injected intravenously and coagulation times determined by the capillary tube 
method before the test and at ten-minute intervals for forty minutes thereafter. 
Ile found a group of patients who were resistant to heparin. These were pa- 
tients in the early postoperative period, patients who had suffered cardiovas- 
cular aecidents, and patients with Buerger’s disease. 

The heparin tolerance curves in the post-partum and postoperative states 
in our patients did not vary significantly from those obtained in the control 
scries. While there may be a difference in the degree of coagulability of the 
blood of post-partum and postoperative patients as compared with normal indi- 
viduals, our results fail to demonstrate this. This may possibly be due to in- 
herent inadequaey of the test. 

SUMMARY 

An in vitro heparin tolerance test for the prediction of thromboembolic 
disease was studied in seventy-four controls, twelve obstetric patients, and seven 
Puiients who had prostatectomies. The results were subjected to statistical 
anilysis. In our hands this test failed to show a significant difference between 
the control and the post-partum-postoperative groups. This differs from the 
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reports of previous investigators.2»* In view of this discrepancy, further in- 


vestigative work with this test and on other factors affecting blood coagulation 


seems indicated in order to clarify their place in the prediction of thrombo- 


embolie disease. 
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OBSERVATIONS ON THE COAGULATION DEFECT IN 
THROMBOCYTOPENIC PURPURA 


T. Lyte Carr, M.D., AND Winuis M, Fowuer, M.D. 
lowa Crry, Lowa 


HI presence of an excess of heparin or of a heparin-like substance in the 

blood of patients with idiopathic or secondary thromboeytopenie purpura 
and other hemorrhagic states has been postulated by Allen and co-workers.’ 
This opinion was developed in part as the result of protamine-heparin titrations 
and also by clinical observations on the effect of protamine and toluidine blue 
on abnormal bleeding. These agents are capable of reacting with several en- 
dogenous compounds in the body, some of which are heparin-like while others 
appear to be unrelated to heparin.? They were able to show that higher con- 
centrations of protamine were necessary to cause coagulation of heparinized 
blood from patients with thrombocytopenic purpura than from normal persons. 
They also noted temporary cessation of hemorrhagic phenomena in some patients 
following intravenous administration of protamine or toluidine blue in a dosage 
of 1 to 4 mg. per kilogram of body weight. Attention had been directed to this 
‘‘heparinoid state’’ by the hemorrhagic tendency which appeared in dogs fol- 
lowing total body irradiation (roentgen ray).*** Allen and co-workers found 
in the blood of these hemorrhagic animals a circulating anticoagulant which 
reacted in many ways similarly to heparin, and the bleeding tendency could be 
controlled temporarily by the intravenous injection of protamine sulfate or 
toluidine blue. 

Holmgren and Wilander’? in 1937 found that ‘‘acidie’’ heparin was re- 
moved completely from blood in vitro by adding the ‘*basic’’ dye toluidine blue. 
This was apparently a precipitation phenomenon. Blood to which heparin is 
added has a prolonged coagulation time, but the addition of a solution of tol- 
uidine blue will cause heparinized blood to clot in a few minutes. Chargoff and 
Olson® observed that the ‘‘basic’’ amine, protamine, had an effect similar to that 
of toluidine blue but this action was apparently mediated through its effect on 
he electrical charge of heparin, Jorpes' injected a protamine intravenously in 
uan without untoward reaction and from in vitro studies concluded that pro- 
amine would neutralize heparin in the proportion of six parts of protamine to 
en parts of heparin. Parkin and Kvale* concluded, from in vitro studies, how- 

ver, that protamine neutralized heparin in a one to one ratio. There are 
everal factors involved in blood coagulation through which heparin may act, 
it the exact mode of its action is not known. Heparin, when added in inereas- 


2” amounts to normal blood, first shortens and then lengthens the whole blood 


From the Department of Internal Medicine of the College of Medicine of the State Unt- 
sity of Iowa and the University Hospitals. 
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clotting time.® '’ 1! The amount of heparin necessary to shorten the clotting 
time has been shown to vary from 0.0001 to 0.01 unit per cubie centimeter of 
blood. One-tenth unit of heparin per cubic centimeter of blood will prolong 
the clotting time. This prolongation may be due to an effect on thrombin, pro- 


thrombin, thrombokinase, or possibly on other systems.'” 1% 1% 1° 


The mechanism by which protamine alters the coagulation process has not 
been determined and it too may act in one of several different ways.'°"'? An 
antithromboplastie or an antiprothrombie action in the first phase of blood ¢o- 
agulation has been postulated.1*'*'® It also has been suggested that it may 
have a fibrinoplastie activity in the second phase. In sufficient concentration 
protamines also have been shown to precipitate fibrinogen and thereby may pro- 
long blood coagulation when given in excess. Utilizing protamine and heparin 
in an attempt to determine changes in the coagulability of blood, as is done in 
the protamine titration test, introduces many unknown factors. 


METHODS 


While utilizing small amounts of heparin for prolonging the coagulation 
of blood by the method of Waugh and Ruddick,*” ** it was noted that some pa- 
tients who were actively bleeding had an augmented reaction to heparin. The 
Waugh-Ruddick test was originally devised as a modification of the blood co- 
agulation test of Lee and White?? to provide a controlled deceleration of the 

» ; 1c a W ; 1c a 3 rq 20, 21 
coagulation process. The technique is as follows. 

Nine Wassermann tubes (100 by 13 mm.), thoroughly cleaned and dried, are placed 
in a rack. Tube number one remains empty until the blood is added. Tube number two 
contains 1% ¢.c. of %g per cent normal saline. Serial dilutions of heparin in 1% c.c. of saline 
are added to the remaining seven tubes so that tube three receives 0.1 unit of heparin in 4% 
c.c. saline, tube four receives 0.2 unit of heparin in saline, and so on until tube nine receives 
0.7 unit of heparin. To each of the tubes is added 1 ¢.c. of blood drawn with a minimum of 
trauma, using a number eighteen needle and measured from the same 10 ¢.c. syringe in which 
it was drawn. The tubes are stoppered and tipped to approximately 85 degrees at two 
minute intervals until coagulation occurs. The time which elapses from the moment blood is 
first seen in the syringe until coagulation occurs is the end point in that particular tube. 


The test has been used to study the increased speed of coagulation of the 





blood of patients with myocardial infarction and other thrombotic conditions.** 








It has not been used heretofore, to our knowledge, in a study of patients with 
hemorrhagic tendencies. 
RESULTS 

The test was performed on thirty normal subjects and the results, as pre- 
sented in Fig. 1, are in agreement with those of Waugh and Ruddick. The time 
of coagulation in tubes 1 and 2, which contain no heparin, varied from 4 to 12 
minutes. In tube 3, containing 0.1 unit of heparin, coagulation occurred in 
from 12 to 40 minutes. A gradual increase in the time required for coagulation 
was found as increasing amounts of heparin are encountered. Coagulation ul- 
timately occurred in from 40 to 90 minutes. In no instance was the blood 


rendered incoagulable under these conditions. The two extremes in the time ot 
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coagulation in normal subjects are shown by the solid lines in Fig. 1, while 
individual readings on each of the thirty patients are represented by the dots. 

When the Waugh-Ruddick test was tried on the blood of patients who were 
actively bleeding because of thrombocytopenic purpura, it was noted that there 
Was an increased sensitivity to heparin as indicated by an increased time for 
coagulation in the tubes containing this material. Consequently the test was 
performed on fifteen patients who had bleeding tendencies associated with pri- 
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Mig. 1.—Showing the response to the Waugh-Ruddick test in thirty normal individuals. The 
lines represent the two extremes. 


mary or secondary thrombocytopenia. The patients and their diagnoses are 
isted in Table I, nine of them being classified as idiopathic thrombocytopenic 
urpura. The laboratory findings were typical in all cases: the clotting time 
vas essentially normal; there was prolongation of the bleeding time; the throm- 
oeytes were diminished, clot retractility was absent; and they presented clinical 
ianifestations of hemorrhage. In three patients the thrombocytopenia was 
condary to leucemia. It was secondary to a chemical agent in Case 13, and 


| Case 14 autopsy revealed a diffuse reticuloendotheliosis. Patient J. B., Case 
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TABLE I] 


PLATE j HEMOK 

LETS BLEEDING | CLOTTING | CLOT RE RHAGIC 

(THOU TIME TIME TRAC PHENOM 
PATIENT CAUSE SANDS ) MIN. ) TILITY ENA 
D. M. Idiopathic 0 : 0.0 None Yes 
W. M. Idiopathic 5.0 : 5.0 None Yes 
M.38. Idiopathic 9.0 54 0 None Yes 
I Idiopathic 0 { 1.0 None Yes 
Idiopathic 2.0 } a: None Yes 
Idiopathic 5.0 } 5. None Yes 
Idiopathic A } 5 None Yes 
Idiopathic 0 } . None Yes 
Idiopathic 2.0 5.2 None Yes 
Lymphatic leucemia 5.0 i None Yes 
Myelogenous leu : i None Yes 

cemia 

Monocytie leucemia 2 } iF None Yes 

? Toxie agent i } 3: None Yes 
Reticuloendothelial a % } a None Yes 

hyperplasia 
Aplastic anemia 2. Bs : None Yes 


15, had aplastic anemia. One of the nine patients with idiopathic thrombocyto- 
penic purpura died of cerebral hemorrhage before splenectomy could be per- 
formed. Splenectomy was done in eight patients, seven of whom responded 
satisfactorily with a return of the platelet count and bleeding time to normal 
and cessation of the hemorrhagic tendency. The eighth patient responded 
temporarily but reverted to the previous hemorrhagic state. 

The studies on these patients with thromboeytopenic purpura revealed an 
essentially normal coagulation time in the first two tubes, which do not contain 
heparin, but a markedly prolonged coagulation time in the remaining tubes con- 
taining serial dilutions of heparin. Fluctuations were noted in the speed of 
coagulation in individual patients from time to time when there was no signifi- 
cant change in the number of platelets, but when there were active clinical 
hemorrhagic tendencies the increased sensitivity to heparin was always present. 
The variations in the Waugh-Ruddick test more nearly paralleled the clinical 
manifestations of hemorrhage than did the platelet level. 

Fifty-six determinations were done on these fifteen patients and the results 
are presented in Fig. 2. The solid line is a typical Waugh-Ruddick curve in a 
normal subject, presented for comparison. Coagulation occurred in 20 minutes 
in the presence of 0.1 unit of heparin, in 32 minutes with 0.2 unit, in 46 minutes 
with 0.3 unit, and in 84 minutes with 0.7 unit of heparin in the last tube. The 
shaded area in the figure represents the extremes in the response in fifty-six 
determinations on fifteen patients while they were actively bleeding. In these 
patients coagulation required from 45 to 100 minutes in the presence of 0.1 unit 
of heparin although the coagulation time in the first two tubes, containing no 
heparin, had been essentially normal. In the fourth tube, containing 0.2 unit ot 
heparin, coagulation occurred in 60 minutes in one patient, but in many in- 
stances the blood was incoagulable in this dilution of heparin and in all subse- 


quent dilutions. The shortest coagulation time with 0.3 unit of heparin was 80 
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minutes, but in most instances the blood was inecoagulable with this dilution of 
heparin, There was a progressive lengthening of the coagulation time as the 
concentration of heparin was increased, and even in those having the shortest 
coagulation time it was much longer than the normal and an inecoagulable state 
was reached in all cases. In none of the normal subjects was the blood made 
incoagulable by these dilutions of heparin. All determinations fell between the 
extremes represented by the shaded area. Incoagulability of the blood was 
usually produced with 0.3 to 0.4 unit of heparin and it remained incoagulable 


Timeof coagulation 
in = @s 











mains & Fk & & 
Units of heparin 


Fig. 2.—The heavy line shows the Waugh-Ruddick curve in a normal person. The 
shaded area represents the extremes in the response obtained in thrombocytopenic patients 
While actively bleeding. Blood from these patients is rendered incoagulable by this small 
‘mount of heparin. Although the chart is stopped at 190 minutes, all blood samples were 
/bserved for twelve or more hours and were still uncoagulated. 


in subsequent tubes. These results show that the coagulation time in such pa- 
‘ients is normal in the absence of heparin but is markedly increased with even 
mall amounts of heparin and the blood is easily rendered incoagulable. 

In four patients with purpura simplex (nonthrombocytopenic purpura) 
he Waugh-Ruddick test was normal. 

Protamine sulfate and toluidine (1 to 4 mg. per kilogram of body weight) 
ere administered to seven patients and their blood was studied in serial dilu- 


ons of heparin. Samples of blood were drawn prior to the administration of 
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protamine or toluidine blue, ten minutes after the administration was completed, 
and daily thereafter for variable periods. In two patients there was no demon- 
strable effect. In a third subject the Waugh-Ruddick curve returned to normal 
following the injection of protamine sulfate, but since the results persisted for 
more than one week it seems probable that the material was given concomitantly 
with a spontaneous remission. In the remaining instances the administration of 
protamine sulfate or toluidine blue apparently shortened the coagulation time 
in the tubes containing 0.1 and 0.2 unit of heparin and occasionally in the tube 
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Fig. 3.—Typical Waugh-Ruddick curves on a thrombocytopenic patient before and afte! 
the administration of protamine sulfate. The blood did not clot and was observed for twelve 
hours although the chart is stopped at 190 minutes. 


containing 0.3 unit of heparin but had no effect on the tubes containing a higher 
concentration. In these tubes the blood remained incoagulable. This suggests 
that the protamine in the blood stream was sufficient to neutralize 0.1 to 0.8 
unit of heparin in tubes 3 and 4 but not larger amounts. Fig. 3 shows a typical 
response in a patient before and after the administration of protamine. Thi 
partial flattening of the curve, apparently due to the presence of circulating 
protamine, was not noted in the twenty-four hour sample. 

The Waugh-Ruddick test was done on five patients before and after splenec 
tomy. In four of the cases the operation was followed by a complete clinica 
remission and a return of the platelet count and other laboratory findings t 
normal levels. In all of these patients the Waugh-Ruddick test also returnec 
to normal. Fig. 4 shows the results of this test in the four cases before and afte 
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splenectomy. In the fifth case the operation was followed by an immediate but 
moderate rise in the platelet count and a normal Waugh-Ruddick test. Two 
months later cutaneous hemorrhages had reappeared, the platelet count had 
dropped to its previous low level, and the Waugh-Ruddick test was again even 
more prolonged than initially. Fig. 5 shows the Waugh-Ruddick test before 
operation, one hour postoperatively, and two months later in the patient re- 
sponding only temporarily to splenectomy. 


DISCUSSION 


These experiments show that the blood from patients with thrombocytopenic 
purpura exhibits an unusual sensitivity to heparin in that coagulation is ex- 
tremely prolonged in its presence and the blood is rendered ineoagulable when 
very small amounts of heparin are added. The prolongation of the coagulation 
time is less marked with normal blood and it does not reach an incoagulable stage 
under these conditions. This reaction is not like that produced by the intra- 
venous injection of commercial heparin. The coagulation time of the whole 
blood as determined by the Lee-White and capillary tube methods is not signifi- 
cantly prolonged in thrombocytopenic patients as is true when an excessive 
amount of commercial heparin is given. Toluidine blue and protamine sulfate 
when given to these patients intravenously does not neutralize the incoagulability 
of the blood in the Waugh-Ruddick procedure as would be expected if excess 
heparin were the basis for these changes. These substances appear only partially 
to neutralize the effect of the heparin used in the test. Further evidence against 
the presence of an excess of heparin in the blood of these patients was suggested 
by the administration of commercial heparin to normal subjects. The Waugh- 
Ruddick curves in these individuals are not the same as curves obtained in 
thrombocytopenic patients.24 When heparin is given intravenously to a normal 
person in small amounts (10 me.), the coagulation time is only slightly pro- 
longed and the blood does not become inecoagulable in the Waugh-Ruddick test 
containing the higher concentrations of heparin. When heparin is given in 
larger amounts (50 mg.), the coagulation time is definitely prolonged but still 
the blood does not become ineoagulable in the Waugh-Ruddick test. This re- 
action differs from that of the blood of thrombocytopenic patients in that their 
blood always becomes incoagulable when tested during a period of hemorrhage 
and the Waugh-Ruddick curve is entirely different from that of blood heparin- 
ized in vivo. These observations agree with the conclusion of Conley, Hartmann, 
and Morse? 2° that the increased susceptibility of thrombocytopenic blood to 
leparin apparently is not due to an increased amount of circulating heparin-like 
ubstanee. 

The blood of patients with thrombocytopenic purpura is more sensitive to 
ieparin in vitro than the blood of normal persons. This sensitivity closely paral- 
els the elinieal manifestations of hemorrhage and follows the elinical state more 
closely than it does the platelet count. The parallelism between the clinical 
manifestations of hemorrhage and heparin sensitivity is also closer than that 
between the clinical manifestations and the platelet count. 
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SUMMARY 


1. The Waugh-Ruddick test has been used to study the coagulation defect 
in patients with thrombocytopenic purpura. 

2. The blood from such patients is unusually sensitive to small amounts of 
heparin in vitro. 


Time of coagulation 


in minutes 
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Fig. 5.—This shows the Waugh-Ruddick curve in a thrombocytopenic patient before 
splenectomy, one hour postoperatively, and two months later at which time bleeding had 
recurred, 

3. The inereased sensitivity of the blood to heparin parallels closely thi 
clinical manifestations of hemorrhage. 

4. The coagulation defect does not appear to be due to an excess of hepari! 
n the circulating blood. 


—e 
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SERUM GLUTAMIC ACID LEVELS AND THE OCCURRENCE OF 
NAUSEA AND VOMITING AFTER THE INTRAVENOUS 
ADMINISTRATION OF AMINO ACID MIXTURES 


STANLEY LEVEY, PH.D., JouN E. HArroun, M.D.,* AND CHARLEY J. SMYTH, M.D. 
Detroit, Micu. 


NE of the difficulties in the intravenous use of protein digests is the occur 

rence of anorexia, nausea, and vomiting following rapid infusion. Mixtures 
of amino acid, on the other hand, have been given at rapid rates with few ill 
effects. Earlier work with both dogs’ ® ** and man® has indicated that the 
dicarboxylic amino acids, glutamic and aspartie acids, are the major factors in 
protein hydrolysates responsible for these undesirable reactions. In order to 
obtain more direct evidence concerning this relationship, the free glutamie acidt 
content was determined in the serum of subjects receiving the various amino 
acid preparations before and at the end of the infusion. The free glutamie acid 
content in the various preparations was also determined. <A series of subjects 
received solutions of partially neutralized glutamic acid in saline, and estimates 
of the serum free glutamic acid content were made during this infusion. The 
observations which form the basis for this report indicate a direct correlation 
between the glutamic acid content of the various preparations and the incidence 
of nausea and vomiting. In addition, data concerning the quantitative relation 
of serum free glutamic acid and the occurrence of nausea and vomiting are 
presented. 

METHODS 


Three groups of patients were selected for study: Group A (forty-seven subjects) 
received five different amino acid preparations intravenously (three protein hydrolysates, two 
amino acid mixtures), all of known glutamic acid content; Group B (thirty-one subjects) 
received solutions containing glutamic acid which had been partially neutralized; Group € 
(eleven subjects) received an amino acid mixture fortified with glutamic acid sufficient to 
bring the content of this dicarboxylic acid up to that present in the acid hydrolysate of 
casein used in this study. All of the subjects in this study were men chosen at random from 
the wards of a general medical service. With very few exceptions each subject received only 
a single infusion. 

The amino acid preparations that Group A received are designated by numbers TI, IT, 
Ill, V, and VI.{ Preparation I was an enzymatic digest of casein; Preparation IT was an 
From the Departments of Physiological Chemistry and Medicine, Wayne University College 
of Medicine, Detroit, Mich., and the Wayne County General Hospital, Eloise, Mich. 

This study was supported in part by grants-in-aid from Merck and Company, Inc., 
Rahway, N. J.,. Mead Johnson & Co., Evansville, Ind., and The Upjohn Company, Kalamazoo, 
Mich. 
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*Present address: The Watson Clinic, Brookings, S. D. 

jIn this presentation the term “free glutamic acid’ when used to express the content of 
the material in serum refers to the microbiologically available glutamic acid, and probally 
includes some of the glutamine. 
tThe numbers of the amino acid preparations, except for number VI, are the same as used 
in a previous publication® from this laboratory. 
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acid digest of casein fortified with tryptophane, and Preparation III was a mixture of syn- 
thetic amino acids consisting of the ten ‘‘essential’’ amino acids plus glycine. Prepara- 
tion V, a mixture of amino acids, was formed by the recombination and fortification of frac- 
tions of a casein digest. Preparation VI was an enzymatic digest of beef blood proteins.* 
The volume of the unit dose for Preparations IT, II], and V was 500 ¢.c., for Preparation I, 
100 e.e., and for VI, 1,000 cubie centimeters. 

In studying the blood free glutamic acid content during the infusion of the various 
amino acid preparations the following procedure was used. A sample of venous blood was 
obtained and allowed to clot in a centrifuge tube; the unit dose of amino acid solution was 
then infused through the same needle. The rate of infusion was intentionally varied from 
patient to patient, but for any one subject the rate was maintained constant either until the 
patient became nauseated or vomited or until the infusion was ended. At the appearance of 
the above-mentioned symptoms or at the end of the infusion a blood sample was withdrawn 
from the opposite arm. 

The solutions given to the subjects in Group B were prepared in two concentrations, 
the lower containing 5.05 Gm. of glutamic acid plus 2.8 Gm. of NaHCO. per 400 ml. of 
physiologic saline, and the higher containing twice this amount of glutamic acid and bi- 
carbonate. In order to obtain information regarding the effect of the method of sterilization 
of these products on the incidence of toxie symptoms, some subjects of Group B received 
solutions sterilized by autoclaving at 15 pounds pressure for fifteen minutes. Other subjects 
were given solutions identical in all other respects except that they were sterilized by filtration 
through a Seitz filter. 

In the series of studies in which solutions of partially neutralized glutamic acid (Group 
B) were infused at increasing rates, the procedure was essentially the same as outlined for 
Group A, except that the rate of infusion was increased every ten to fifteen minutes. <A 
sample of blood was withdrawn for determination of the free glutamic acid content just be- 
fore each increase in rate. This procedure was continued either until the patient became 
nauseated or vomited or until the infusion was completd. 

The subjects in Group C received intravenously Preparation Vb to which was added 5.05 
Gm. of glutamie acid per 400 ml. of solution, The procedure for administering this solu- 
tion was the same as for the other amino acid preparations (Group A). 

To reduce the psychologic factors which might influence emesis, the intravenous in- 
jections of the amino acids or glutamic acid were given as part of the routine therapy. Since 
other patients in the ward were getting intravenous therapy it was not considered an un- 
usual procedure. No leading questions were asked during the injections. 

For the evaluation of the free glutamic acid content of the various preparations used 
ind of the serum of the patients, the microbiologic method of Dunn? was employed, using 
Lactobacillus arabinosus. Protein-free filtrates were prepared according to the method of 
llier,8 modified to a slight extent by immersing the tubes containing the filtrates of serum in 

iling water for a few moments to remove the last traces of protein. Using this procedure, 

ere was no precipitation of protein during the autoclaving of the media containing the test 
iple. The free glutamic acid content of the various amino acid preparations was deter- 
ied directly on the product. They were not subjected to a preliminary hydrolysis before 
lysis. 


RESULTS 


Studies Involving Amino Acid Preparations—In Table I is presented the 
‘ glutamic acid content of the various preparations used. The arrangement 
the preparations is in decreasing order of glutamic acid content per unit 

of amino acid solution. Since, clinically, the amino acids are usually in- 
ed in the amounts contained in the units in which they are supplied, it was 
irable to determine the free glutamic acid content in such units; Preparation 


*Preparation VI was a 5 per cent protein hydrolysate in distilled water supplied in 
c.c. units through the courtesy of the Baxter Laboratories, Glenview, III. 
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[I is an exception in that the solution supplied must be diluted before adminis- 
tration. Previous experience in this hospital’ showed that the solution used was 
a satisfactory one if administered at a slow rate. All preparations did not have 
an equal nitrogen content. A number of different lots of each preparation were 
used to obtain the values listed in Table I. Two lots of Preparation V_ are 
listed; the first (Va) consisted of a batch which possessed the highest glutamic 
acid content of any of this type of mixture. In the second (Vb) a lower glutamic 
acid content was found and represents an amount closer to the average obtained 


for this preparation. 


TABLE I. GLUTAMIC ACID CONTENT OF AMINO ACID PREPARATIONS 


CONCENTRATION OF GLUTAMI( ACID 
AMINO ACID AMINO ACID VOLU MI CONTENT OF 
CONTENT SOLUTION INFUSED INFUSED INFUSED SOLUTION 
PREPARATION (GM. PER CENT) (GM, PER CENT) (ML, ) (GM, ) 
Preparation I] 15 1.0 £00 D.05 
Preparation | 10 10 500 4.09 
Preparation V] 5) 4) 1,000 2.65 
Preparation V 
a 10 10 500 1.16 
b 10 10 500 0.25 
Preparation IT] S 8 500 0.0 


A summary of the information obtained by infusing Preparation IT is listed 
in Table II. This preparation contained the highest glutamie acid content 
(5.05 Gm. per 400 ¢.c.) of those studied. It can be observed that high serum 
free glutamic acid levels were reached. Nausea and vomiting was the usual 
reaction if the glutamic acid content of the blood exceeded 15.9 mg. per 100 milli 
liters. The fact that marked variations in individual tolerance occurs is evident 
in that one subject did not become nauseated even though he had a serum free 
glutamic acid level of 42.6 mg. per 100 milliliters. 


TABLE II. THE RELATIONSHIP BETWEEN BLOOD GLUTAMIC ACID LEVEL AND THE 
PRODUCTION OF NAUSEA AND VOMITING 


(PREPARATION II, 5.05 GM. GLUTAMIC AcID PER 400 C.Cc. OF 7.5% SOLUTION) 


SERUM FREE GLUTAMIC ACID RATE OF 
AMINO ACID BEFORE INFUSION AFTER INFUSION INFUSION 
PREPARATION (MG. PER CENT) (MG. PER CENT) (C.C./MIN. ) REACTION 
Preparation I] 
4,1 10.6 3.1] 0 
5.0 14.1 2.9 0 
3.9 15.9 4.5 0 
6 33.0 6.2 Nausea 
3.5 39.0 9.1 Nausea 
3.5 39.0 14.0 Vomited 
4.9 $2.6 4.5 0 
4.0 13.0 10.2 Nausea 
2.8 43.2 5.7 Vomited 
a 85.0 5 Of Vomited 


In Table III are summarized the results obtained by infusing Preparation 
(4.09 Gm. glutamie acid per 500 ¢.c.). All subjeets who had blood free glutami 
acid levels above 16 mg. per cent became ill. One subject vomited at a low 
level (10.9 mg. per 100 ml.). In general, serum free glutamic acid values we! 
not as high after the administration of this preparation as with the previous on 
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TABLE III. THE RELATIONSHIP BETWEEN BLOOD GLUTAMIC ACID LEVEL AND THE PRODUCTION 
OF NAUSEA AND VOMITING 


(PREPARATION JI, 4.09 aM. GLUTAMIC ACID PER 500 C.C.) 


SERUM FREE GLUTAMIC ACID RATE OF 
AMINO ACID BEFORE INFUSION AFTER INFUSION INFUSION 
PREPARATION (MG. PER CENT ) (MG. PER CENT ) (C.C./ MIN. ) REACTION 
Preparation I a e 
364 1.8 ee 0) 
1.0 i (es 6.1 0) 
7.4 8.2 5.3 0) 
4.2 8.8 6.2 ( 
Gz 10.7 a4 0 
$.1 10.8 10.2 0 
1.8 10.9 10.7 Vomited 
: 13.8 7.7 0 
6.6 16.2 S.6 Vomited 
3.9 22.5 5.5 Vomited 
aay 23.0 6.5 Vomited 
1.4 23.9 9,4 Vomited 
8.0 28.7 Ha Bt Vomited 


Preparation VI (Table IV), an enzymatie digest of bovine blood proteins, 
had a lower free glutamic acid content (2.65 Gm. per 1,000 ¢.c.) than the pre- 
vious two preparations and this preparation could be administered at more rapid 
rates without increasing the toxie symptoms. One subject became nauseated at 
the rather low serum free glutamie acid level of 9.7 mg. per 100 ml., and one 
subjeet did not become ill in spite of the high blood level of 22.6 mg. per 100 
milliliters. 

TABLE LTV. THE RELATIONSHIP BETWEEN BLOOD GLUTAMIC ACID LEVEL AND THE PRODUCTION 
OF NAUSEA AND VOMITING 


(PREPARATION VI, 2.65 GM. GLUTAMIC ACID PER 1,000 c.c.) 


SERUM FREE GLUTAMIC ACID RATE OF 
AMINO ACID BEFORE INFUSION AFTER INFUSION INFUSION 
PREPARATION (MG. PER CENT ) (MG. PER CENT ) (C.C./MIN. ) REACTION 
Preparation VI a 
21 4.5 14.7 0 
2.0 6.7 90.2 0 
2.8 6.7 125 0) 
7 73 20.0 0 
Zao 9.7 5 fe Nausea 
1.5 9S 133 0 
4.4 10.5 14.5 0 
6.2 13.9 18.2 Vomited 
1.9 16.9 33.3 Vomited 
3.6 22.6 29.6 0 


Table V summarizes the data obtained using the preparations containing 
ne or small amounts (1.10 to 0.25 Gm.) of glutamic acid. The serum free 
tamie acid values obtained following the infusion of 500 ml. of an amino 
d mixture containing no glutamic acid is of particular interest. In spite of 

exceedingly rapid rate of administration (50 and 62 ml. per minute), the 
) subjects showed no toxie symptoms and no appreciable increase in the serum 

glutamic acid content. With Preparations Va and Vb attempts were made 
roduce elevated blood levels by increasing the rate of infusion. It was pos- 
‘to increase the rate of injection of Preparation Va to such an extent (62.5 
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ml. per minute) that nausea occurred. At the same time the blood free glutamic 

acid level rose to 12 to 15 mg. per 100 milliliters. With Preparation Vb, in only 

one case of the twelve studied was toxicity noted, but there were no rates of 

administration which were comparable with the faster infusions given with 

Preparation Va. 

TABLE V. THE RELATIONSHIP BETWEEN BLOOD GLUTAMIC ACID LEVEL AND THE PRODUCTION 
OF NAUSEA AND VOMITING 


(PREPARATION VA, 1.10 GM. GLUTAMIC ACID; PREPARATION VB, 0.25 GM., AND 
PREPARATION IIT, 0.0 GM.) 


SERUM FREE GLUTAMIC ACID RATE OF 
AMINO ACID BEFORE INFUSION AFTER INFUSION INFUSION 
PREPARATION (MG. PER CENT ) (MG, PER CENT ) (C.C./ MIN. ) REACTION 
Preparation Va 17 : 
ae 1.9 12.5 0 
HA | 7.0 14.3 0 
4,7 (2 20.0 (0) 
6.2 12 13.5 0 
5.0 Ps 15.6 0 
1.1 9,1 16.4 0 
$0) 905 5.6 0) 
5.5 12.3 62.5 Slight nausea 
= 14.7 62.5 Slight nausea 
1.9 19.7 71.4 Nausea 
Preparation Vb 
1.0 3.0 8.3 0 
1 ew | 9.1 0 
8 3.8 16.6 0 
ia t.S [23 0 
o 1.9 6.3 0) 
iW 5.8 9.6 0 
1.9 6.3 8.8 0 
1.9 0.5 7.1 0 
4.8 6.6 7.1 0 
dD 7.4 >A RY Vomited 
9 7.9 23.8 0 
5.4 9.) 6.0 0 
Preparation ITI ¥ 
2.0 5.9 50.0 0 
5.4 6.3 62.5 0 


The data presented in Tables I to V are summarized in Fig. 1. There is 
good correlation between the serum free glutamic levels and the per cent of 
subjects who either became nauseated or vomited. Without regard to the prep 
aration used, when the blood free glutamic acid concentration reached 12 to 15 
mg. per 100 ml. about one-half of the subjects became nauseated or vomited 
Above these levels the incidence of ill effects was correspondingly greater. 

The subjects of Group C received infusions consisting of Preparation V}) 
plus 5.05 Gm. of glutamie acid per 400 ml. of solution (Table VI). The glutamic 
acid content of the fortified preparation was thus made equal to an acid diges' 
of casein (Preparation IT). In this series there was a decidedly greater fre- 
queney of toxic symptoms as compared with this same mixture before glutam 
acid was added (Table V). With Preparation Vb alone, the incidence of tox 
symptoms was 8.3 per cent; with the addition of glutamic acid the incidence rose 
to 55 per cent. All of the subjects who experienced ill effects had serum fr 
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glutamic acid levels equal to or above the 12 to 15 me. per 100 ml. range. It is 
noteworthy that three of the subjects who had high serum glutamic acid values 
did not exhibit any gastrointestinal symptoms (Table V1). 
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TABLE VI. THE EFFECT OF ADDING GLUTAMIC ACID TO PREPARATION VB ON THE OCCURRENCE 
OF NAUSEA AND VOMITING 


5.05 GM. OF GLUTAMIC Acip ADDED TO 400 c.c. OF PREPARATION VB AND STERILIZED BY 
AUTOCLAVING ) 


SERUM FREE GLUTAMIC ACID 


BEFORE INFUSION AFTER INFUSION RATE OF INFUSION 

(MG. PER CENT) (MG. PER CENT) (C.C./MIN. ) REACTION 
2.0 9.0 — 5.8 0 
4.5 9,4 9.3 0 
~ ELS 8.0 Nausea 
3.4 11.9 8.0 Nausea 
3.0 18.0 12.0 Nausea 
4.3 19.8 9.3 0 
5.9 22.0 10.6 0 
5.8 27.6 10.6 0 
5.2 29.0 10.6 Nausea 
4.8 30.0 9.3 Nausea 
7.9 35.0 8.6 Nausea 


Studies Involving Only Glutamic Acid Solutions—In the next series of 
idies an attempt was made to determine whether there was a free glutamic acid 
el of the serum at which the occurrence of nausea and vomiting could be 
pected (Table VII, upper half). The first eight subjects received infusions 
solutions containing 5.05 Gm. of partially neutralized glutamic acid per 400 
of solution; the next nine subjects received infusions of a solution containing 
| 1 Gm. of glutamie acid per 400 milliliters. The level of serum glutamie acid 

hed was dependent on the concentration of the solution infused and the rate 
0! ‘njection. With the lower concentration none of the eight subjects who re- 
¢ d the amino acid exhibited ill effects. Only two of these subjects had 
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serum free glutamie acid levels exceeding 12 mg. per 100 milliliters. Nine sub 
jects received the stronger solution, five of whom became nauseated or vomited. 


It should be noted that with the stronger solution higher serum free glutamic 





acid levels were quickly obtained. Forty-five per cent of the subjects who had 


levels of glutamie acid above 12 mg. per 100 ml. became nauseated or vomited. 


TABLE VII. THE RELATIONSHIP BETWEEN SERUM FREE GLUTAMIC ACID LEVELS AND THI 
OCCURRENCE OF NAUSEA AND VOMITING AFTER GIVING GLUTAMIC SCLUTION TNTRAVENOUSLY 


SERUM FREE GLUTAMIC ACID 


BEFORE AFTER RATE OF 
AMINO ACID INFUSION INFUSION INFUSION 
PREPARATION (MG. PERCENT) (MG. PER CENT ) (C.C./ MIN. ) REACTION 


Sterilized by Autoclaa ing 


Glutamic acid 6.8 5b 5.3 () 

5.05 Gm./400 e.e. 3.3 6.4 11.0 0) 

5.7 ‘x 1.0 0 

3 8.0 1.6 () 

4 S.S 5.3 0) 

5.4 BS 10.0 0) 

7.0 16.6 8.0 0 

5a) 35.0 10.0 0 
Glutamic acid 7) 20.0 9.3 Vomited 
10.1 Gm./400  @.e. a2 22.7 S.0 Vomited 
5.7 25.9 9.0 Vomited 

Ae | 29.3 10.0 0 

$.() 31.0 12.0 0) 
2.0 37.2 10.0 Vomited 

2.1 39.9 15.0 0 

5.9 41.8 10.0 0 
1.1 53.0 9.3 Vomited 

Sterilized by Filtering 





Glutamie aeid 3.9 12.0 8.0) 0) 
5.05 Gm./400 ¢.c. 3.0 15.1 10.6 0 
3.0 18.0 8.0 0 
Be 22.6 8.0 Nausea and vomiting 
5.0 296.4 10.6 0 
4.1 27.3 8.0 Nausea 
Gintamie acid 1.4 8.5 6.6 Vomited 
10.1 Gm./400 e.e,. 5 as} 14.9 8.0) Nausea and vomitin 
24 19.3 6.6 Vomited 
2.6 22.4 6.6 Vomited 
1.8 24.0 8.0 Vomited 
6.7 29.7 6.6 Vomited 
2.7 30.9 10.0) Nausea 
2.9 60.0 10.0 Vomited 


Since many of the commercial protein digests are sterilized by filtratio 
rather than autoclaving and since heat promotes the conversion of glutamic aci:! 
to pyrrolidone carboxylic acid, it was decided to repeat these studies using on 
glutamie acid solutions which had been sterilized by filtration, employing bo' 
the lower and higher doses (Table VII, lower half). When the lower dose w 
administered, two of the six subjects tested became nauseated or vomited; wit 
the higher doses all of the eight subjects tested became ill. One subject vomit 
but had a blood glutamie acid level of only 7.5 mg. per 100 milliliters, 
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DISCUSSION 


Until the present investigation the quantitative relationship of glutamic 
acid to the production of anorexia, nausea, and vomiting following the intra- 
venous administration of casein hydrolysates was based on indirect evidence. 
Previous studies in this hospital indicated that no significant ill effeets attended 
the giving of amino acid preparations orally; however, a depression of appetite, 
nausea, or vomiting frequently occurred with or immediately after infusions of 
casein digests.'? These ill effects could be reduced to a large extent by reducing 
the rate of infusion. It was next observed that mixtures of the ten essential 
amino acids could be given intravenously at very rapid rates without producing 
ill effects. * '' Both Eckhardt and Davidson’? and Weinstein’? have admin- 
istered intravenously to patients amino acid preparations containing reduced 
amounts of glutamic and aspartic acids and they have reported few toxie symp- 


>4 (and later 


toms even with rapid rates of infusion. In the case of the dog! * 
confirmed in man’), it was noted that the addition of either glutamic or aspartic 
acids to parenterally administered amino acid mixtures reduced the tolerance 
of these mixtures. Additional evidence indicated that there was a marked 
correlation between the content of these two dicarboxylic amino acids in amino 
acid preparations and the tendency of the solutions to provoke nausea and 
emesis in man. On the other hand, Elman" has reported the intravenous injee 
tions of an unneutralized glutamie acid solution (1,000 ml. of solution contained 
30 Gm.) into three patients without the occurrence of any ill effects. No reter- 
ence was made by this investigator to the rate of infusion, or to the glutamic 
acid level which resulted. His interpretation, apparently based upon that study, 
that intravenously injected glutamie acid is not related to the production of 
nausea and vomiting, is at variance with our experience. 

Hoffman and co-workers’? reported that if the blood amino acid nitrogen 
following the administration of an acid hydrolysate of casein exceeds 10 mg. 
er cent, nausea and vomiting may oecur. This finding has been confirmed pre- 
iously in this laboratory® for the same preparation; however, using prepara- 
ons which were either free of or very low in glutamie acid it was possible to 

tain markedly elevated blood amino acid nitrogen values without ill effects. 
that time it was suggested that the blood glutamic acid probably was more 
isely related to the nausea and vomiting than the amino acid nitrogen content. 
de'® has suggested that following the intravenous administration of prepara- 
ns rich in glutamie acid the blood level of glutamic acid rises faster than 
amino acid nitrogen content of the same blood. Friedberg and Greenberg" 
ve reported that glutamic acid is slowly cleared from the blood of rats after 
ravenous administration. 

In this study the determination of the free glutamie acid content of serum 

accomplished by using a microbiologic procedure employing Lactobacillus 

nosus as the test organism. This method has been shown to give reliable 
es when protein hydrolysates were investigated.’ Recently it was stated by 
cott and Waelsch'® that the microbiologie method for glutamic acid is not 
icable in the presence of glutamine. By their chemical method it was found 
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that free glutamie acid of serum or plasma varied from 0.6 to 1.7 mg. per 100 
ml., and the ‘‘apparent glutamine’’ content ranged from 8 to 12 mg. per 100 
milliliters. Harper,'® using a modified type of microbiologic method, more re- 
cently found glutamic acid and glutamine values in plasma similar to those 
given by the chemical method. The major portion of the preinfusion values for 
serum free glutamie acid reported in the present study would tend to show 
that a portion of the serum glutamine is being included in the value, because 
they are above the 0.6 to 1.7 mg. range. Since they are almost all below the 
8 to 12 mg. range, not all the glutamine is being determined as free glutamic 
acid. 

There appears to be some quantitative difference in the tolerance of glutamic 
acid when administered alone and when mixed with other amino acids. When 
9.05 Gm. of glutamic acid were given intravenously as a solution containing only 
this amino acid, 14 per cent* (two of the fourteen studied) of the subjects 
either became nauseated or vomited. When a similar amount of glutamic aeid 
Was given intravenously in a mixture of amino acids (Preparation IL), 60 per 
cent* (six of the ten tested) of the subjects showed ill effects. On the other 
hand, when the concentration of glutamic acid was increased to 10.1 Gm. and 
only this partially neutralized amino acid was given intravenously, 76 per cent 
(thirteen of the seventeen patients) of the subjects became nauseated or vom- 
ited. Thus, the incidence of nausea and vomiting following the intravenous ad- 
ministration of glutamic acid incorporated in an amino acid mixture is greater 
than that when an equivalent amount of partially neutralized glutamie acid 


is given alone. Both aspartic acid? and phenylalanine?’ have been reported to 
increase the toxicity of intravenously administered amino acid. dl-Methionine 
also has been listed as an amino acid which is poorly tolerated when given 
intravenously to the dog.2t| The amino acid preparations which are low in 
glutamic acid are also generally low in asparti¢ acid. Phenylalanine and methio 
nine are probably not offenders in this manner, at least not without the dicar 
boxylie amino acids being present. Preparations III and V contained these 
acids and were well tolerated even at rapid rates. The possibility of other amino 
acids increasing the effect of glutamic acid in the production of nausea and 
vomiting following its intravenous administration should be further investigated 

In attempting to evaluate the data concerning the relative toxicity of the 
autoclaved as compared with the filtered solutions of glutamie acid, it was noted 
that 71 per cent* (ten of the fourteen cases) of the subjects that received the 
latter preparation became nauseated or vomited, while only 30 per cent* (five 
of the seventeen subjects) became ill after receiving the autoclaved material. 
Thus, the filtered material would appear to be slightly more toxie than the aut: 
‘elaved. Olcott? reported that if glutamic acid were autoclaved at a temperature 
of 125° C. and in an acid media, pH 3.3 for four hours, 92 per cent of the ami 
acid would be converted to pyrrolidone carboxylic acid. The possibility of th 
occurring during the relatively short period of autoclaving used in the presei'! 


4 


*Since the difference is greater than two times the standard error of the mean, thé 
differences are considered significant. 

















GLUTAMIC ACID AND NAUSEA 1247 


study might be an explanation for the apparent difference in emetic effect. 
The likelihood of the pyrrolidone carboxylic acid assaying like glutamie acid 
(e.g., supporting the growth of the Lactobacillus arabinosus) while having an 
emetic action different from glutamic acid was investigated; in this case a high 
serum glutamic acid level might be attained without nausea and vomiting. 
Lyman found that this microorganism cannot utilize pyrrolidone carboxylie 
acid.’ In the present study* it was found that pyrrolidone carbexylie acid 
neither stimulated nor inhibited the bacterial growth in that assay of glutamic 
acid when present in one-third to four times the concentration of glutamic acid. 
If much glutamic acid were converted to pyrrolidone carboxylic acid during the 
short period of autoclaving, then the concentration of free glutamic acid in the 
autoclaved material should decrease, since the pyrrolidone carboxylic acid does 
not support growth of the microorganism. This did not occur. Hence, it seems 
unlikely that pyrrolidone carboxylic acid could account for the apparent differ- 
ence in toxicity of the filtered and autoclaved glutamic acid solutions. 


SUMMARY AND CONCLUSIONS 

The free glutamic acid content of five different types of amino acid prep- 
arations was estimated using microbiologic methods. They are, in decreasing 
order of glutamie acid content: an acid hydrolysate of casein fortified with 
tryptophane, an enzymatie hydrolysate of casein, an enzymatie digest of beet 
blood proteins, a mixture of amino acids produced by the recombination and 
fortification of fractions of a casein digest, and a mixture of the ten ‘‘essential’’ 
amino acids plus glycine. The occurrence of nausea and vomiting following 
the administration of the various preparations in a series of fifty-seven human 
subjects was found to parallel the free glutamie acid content of the mixture 
viven. 

Until the present investigation, only indirect evidence was obtained con- 
cerning the quantitative relationship of glutamie acid and the production of 
nausea and vomiting following its intravenous administration. A direct rela- 
tionship between the free glutamie acid of the serum and the occurrence of toxie¢ 
effects following the administration of amino acid preparations was found in 
his investigation. When the serum free glutamic acid level reached 12 to 15 
ig. per 100 ml., nausea and vomiting oceurred in more than half of the subjects. 

Solutions containing only partially neutralized glutamie acid were admin- 

tered intravenously to thirty-one individuals and estimates of the free glutamic 
id content of the serum were made. <A lower percentage of these patients be- 
me ill at elevated glutamic acid levels than in the group that received glutamic 
d containing amino acid mixtures. This is interpreted as showing that the 
‘icity of glutamie acid may be potentiated by other amino acids. 

A study of the effect of autoclaving and of sterilization by filtration upon 
lie toxicity of glutamie acid solutions indicated that the filtered material was 
‘htly more toxie. This difference could not be attributed to the presence of 
‘rolidone carboxylic acid. 


*These data are not included in the present report. 
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CARBONIC ANHYDRASE ACTIVITY IN SICKLE CELL ANEMIA, 
SICKLE CELL TRAIT, AND PERNICIOUS ANEMIA 


Rose G. SCHNEIDER, PH.D., Wituiam C. Levin, M.D., AND 
Mary ELLEN Haccarp, B.A. 
GALVESTON, TEXAS 


ARBONIC anhydrase, an enzyme first described by Meldrum and Rough- 
C ton! and Stadie and O’Brien,’ is present in the erythrocytes of homo- 
thermie animals and in the gills of some poikilothermie ones.* It plays an 
important role in the transport and exchange of CO... No studies have been 
reported previously on the presence of carbonie anhydrase in sickle cell 
anemia, although this enzyme has been implicated in the sickling phenomenon 
by Tomlinson and Jaecob.* These authors found that washing erythrocytes 
from patients with sickle cell anemia or sicklemia twenty times in normal 
saline almost always removes their ability to assume sickled forms in normal 
saline. They suggested that the multiple washings remove some substance, 
possibly carbonic anhydrase, the presence of which is necessary for the phenome- 
non of sickling. Additional evidence for this hypothesis was presented by the 
demonstration that certain carlonic anhydrase inhibitors, such as zine acetate 
and sodium eyanide, in concentrations of 1:1000, when added to oxygenated 
blood, prohibit sickle cell formation; however, other carbonic anhydrase in- 
hibitors, namely sulfanilamide and ammonium thiocyanate, gave inconsistent 
results. 

In the present studies the relationship between carbonic anhydrase and 
the sickling phenomenon was investigated by the following means. (1) The 
carbonic anhydrase content of the blood of patients with sickle cell anemia and 
with sickle cell trait was compared with that of normal individuals. Three eases 
of pernicious anemia were included for comparison. (2) Erythrocytes from 
patients with the sickling tendency were washed repeatedly in normal saline, 
intil sickling no longer oecurred; the red blood cell suspension was then made 
ip to its original volume with water, and again tested for the presence of 
arbonie anhydrase. The saline washings also were tested for the presence of 
arbonie anhydrase. (3) The susceptible erythrocytes were washed repeatedly 
intil sickling no longer oceurred, and a concentrated solution of human ear- 

mic anhydrase was added to determine whether such addition restored the 


ility of the cells to sickle. 
METHODS 


Carbonie anhydrase determinations were made by the colorimetric method of Philpot 
Philpot,5 and enzyme units were calculated according to this method. Each determina- 
1 was made in triplicate. Oxalated blood was used throughout. Appropriate dilutions 
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were made of whole blood, except in those experiments in which washed cells were used. 
Concentrated carbonic anhydrase preparations were made by treating the washed and 
hemolyzed red blood cells with a mixture of alcohol and chloroform and centrifuging off 
the precipitate. The carbonic anhydrase activity of the supernatant fluid was about fifty 


times that of the whole blood. 


TABLE I. CARBONIC ANHYDRASE CONTENT OF BLOOD OF NORMAL INDIVIDUALS AND THOSE WITH 
SICKLE CELL ANEMIA, SICKLE CELL TRAIT, AND PERNICIOUS ANEMIA 


lL. CARBONIC ANHYDRASE CONTENT OF BLOOD OF NORMAL INDIVIDUALS 
CARBONIC 
ANHYDRASE 


RED BLOOD CELLS HEMOGLOBIN (ENZYME 
DATE SUBJECT MILLIONS/C.MM. (GM./100 ¢.c.) | UNITS/C.MM. ) 
1/7 M. J. P. 1.57 14.4 1,220 
1/7 G. M. 5.09 16.7 1,240 
1/7 F. S. 1.42 12.7 960 
3/4 B. L. 4.92 17.0 846 
3/16 ee ie 5.82 16.5 S14 
3/16 fae lal 5 | 16.5 1,380 
4/14 RS PP 4.2 12.7 1,280 
4/18 M. S. 1.5 13.0 1,026 
4/27 Ss. 1.14 12.7 1,140 
Average 1.8] 14.68 1,100 


2. CARBONIC ANHYDRASE CONTENT OF BLOOD OF PATIENTS WITH SICKLE CELL ANEMIA 


CARBONIC 
ANHYDRASE 


RED BLOOD CELLS HEMOGLOBIN (ENZYME 
DATE SUBJECT MILLIONS/C.MM. ) (GM./100 c.c. UNITS/C.MM. ) 
3/23 A. R. 2.41 6.7 670 
3/31 W. S. L347 9.4 692 
3/31 M. H. F. 3.48 9.4 780 
4/4 ie od 2.87 10.5 732 
4/7 W. B. 3.0 10.4 814 
1/27 O. W. rr At f 7.0 940 
Average 3.03 8.9 771 
Per cent of normal 62 60 71 


3. CARBONIC ANHYDRASE CONTENT OF BLOOD OF INDIVIDUALS WITH SICKLE CELL TRAIT 
CARBONIC 
ANHYDRASE 


RED BLOOD CELLS HEMOGLOBIN (ENZYME 
DATE SUBJECT MILLIONS/C.MM., ) (GM./100 C.c.) UNITS/C.MM. ) 
1/7 i} J 3.58 11.3 1,120 
1/7 Oa fa 1.51 ZA 1,020 
1/7 Se Ge 4.08 12.7 1,020 
1/7 N. B 1.55 14.6 980 
1/4 G. M 1.1 13.2 1,060 
4/14 L. G: 3.66 9.4 1,260 
4/27 EB. C. 1.68 14.0 960 
Average 1.76 12.4 1,060 
Per cent of normal 86 S4 96. 


#. CARBONIC ANHYDRASE CONTENT OF BLOOD OF INDIVIDUALS WITH PERNICIOUS ANEMIA 


| CARBONIC 
| ANHYDRASE 
RED BLOOD CELLS HEMOGLOBIN | (ENZYME 
DATE SUBJECT ( MILLIONS/C.MM. ) (GM./100 ¢.c.) | UNITS/C.MM.) 
1/4 TB. i 2.21 91 te. 
1/4 S. 2.03 9.3 1,020 
3/16 : ig 1.23 a0 680 
Average 1.82 7.23 ~ 1,000 
Per cent of normal 38 19 ~ Ot 
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Sickling of cells was estimated by examining sealed wet smears of blood after ineuba 
tion at room temperature for twenty-four hours. The erythrocytes were washed twenty times 
with normal saline according to the technique described by Tomlinson and Jacob.4 In certain 
instances carbonic anhydrase was added to whole blood and to cells washed five, ten, fifteen, 
and twenty times. The amount of sickling after such treatment was compared with that of 
untreated cells. 


RESULTS 


In Table | is given the carbonic anhydrase content of the blood of indi- 
viduals with sickle cell anemia and sickle cell trait as compared with normal in- 
dividuals and three persons with pernicious anemia. In Table II these data 
are summarized in the form of ratios of ¢arbonie anhydrase to red blood cell 
count and hemoglobin content. These ratios indicate that the carbonie an- 
hydrase content of red blood cells with the sickling capacity is as high as or 
TABLE IT. RATIO OF BLOOD CARBONIC ANHYDRASE TO RED BLOOD CELLS AND HEMOGLOBIN 


OF NORMAL INDIVIDUALS AND THOSE WITH SICKLE CELL ANEMIA, SICKLE CELL TRAIT, 
AND PERNICIOUS ANEMIA 


RATIO OF AVERAGE RATIO OF AVERAGE 

NUMBER CARBONIC ANHYDRASE CARBONIC ANHYDRASE 

OF TO AVERAGE R.B.C. TO AVERAGE HEMO- 
PATIENTS DIAGNOSIS COUNT GLOBIN CONCENTRATION 

i) Normal 1:228 1:74 

6 Sickle cell anemia 1:254 1:87 

7 Sickle cell trait 1:223 1:85 

ES Pernicious anemia 1:549 1;138 


slightly higher than that of normal red blood cells. In pernicious anemia, red 
hlood cells contain much larger quantities of carbonic anhydrase; although 
only three cases of pernicious anemia were studied, the difference appears 
striking. 

Table HIT summarizes the data obtained by determining the carbonic 
anhydrase content of cells with the sickling capacity washed twenty times 
in isotonic saline until sickling no longer occurred. Ninety per cent of the 
carbonic anhydrase content of the original whole blood is present in these 
washed cells. The saline washings contain only a trace of carbonic anhydrase ; 
one determination of the carbonic anhydrase activity of the plasma of these 
washed cells is noted. Part of the carbonic anhydrase lost by washing is ap- 
parently contained in the plasma, where it doubtless appears because of hemol- 
ysis, 

TABLE IIT. CARBONIC ANHYDRASE CONTENT OF RED BLOOD CELLS AFTER WASHING 

UNTIL SICKLING CAPACITY IS REMOVED 


CARBONIC 


CARBONIC | CARBONIC ANHYDRASE 
ANHYDRASE ANHYDRASE CARBONIC | CONTENT OF 
WHOLE BLOOD | WASHED CELLS } ANHYDRASE j PLASMA 
| } , 
| (ENZYME (ENZYME | SALINE | (ENZYME 
ATIENT DIAGNOSIS UNITS/C.MM. ) UNITS/C.MM. ) | WASHINGS UNITS/C.MM. ) 
ae Sickle cell anemia laa 708 —- 
O.W.  Siekle cell anemia 940 840 Trace 
EK. C. Sickle cell trait 960 S40 Trace 76 
\verage ne ; 877 796 
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Table LV illustrates the results of adding concentrated carbonic anhydrase 





solution to cells from which the sickling capacity has been removed by re- 
peated washing in isotonic saline. Such addition of carbonic anhydrase does 
not restore the sickling capacity of the cells. 


TABLE IV. EFFECT OF CARBONIC ANHYDRASE ON THE ABILITY OF SUSCEPTIBLE CELLS TO SICKLI 


AFTER MULTIPLE WASHINGS WITH ISOTONIC SOLUTION OF SODIUM CHLORIDE 
PER CENT 
SICKLING AFTER 
PER CENT ADDITION OF 
SICKLING AFTER CARBONIC 
PER CENT CONCENTRATED ANHYDRASI 
NUMBER SICKLING OF CARBONK DILUTED 1:10 
OF UNTREATED ANHYDRASI WITH 0.85% 
DATI PATIENT DIAGNOSIS WASHINGS CELLS ADDED Nach 
2/11/49 W.B. Sickle cell 0 9.6 16 
anemia 5 0 0.6 
10 0 6.0 
15 0 Q 
~() () 0 
2/10/49 M.F. Sickle cell 0) 82.8 85.2 
anemia 5 80 78 
10 60.8 0 
1S 25.6 37 } 
20 28.2 17.4 
2/10/49 A.A. Sickle cell (0) 79.4 SO.4 
anemia 5 () 0) 
10 0 {) 
1l5 a) if) 
?0 0 0 
2/18/49 R. A. Sickle cell 0 92.2 9] 
anemtin 5 62 77.8 
10 12.2 6.4 
15 13.6 ITemoly zed 
20 13.0 Iiemoly zed 
of 7/49 Ay i. Sickle cell () Hemolyzed 15.6 8.4 
anemia 5 10 Ilemolvzed 15.8 
10 72 3.9 5.4 
15 13.6 10 10.8 
20) 12 30.2 QS 


DISCUSSION 


Our results indicate that the loss of sickling capacity of red blood cells 
from patients with sickle cell anemia or sickle cell trait is not associated with a 
significant loss of carbonic anhydrase. After the completion of these experi 
ments there appeared in Blood an editorial by Vallee and Altschule® referring 
to a series of papers in press on carbonic anhydrase in anemia. In this ed 
itorial and in an abstract recently published by Vallee’ a striking differenc: 
is drawn between the carbonic anhydrase content of red blood cells fron 
patients with pernicious anemia and those from patients with secondary 
anemias and from normal individuals. Our findings indicate that blood fron 
sickle cell anemia and sickle cell trait is similar to that of secondary anemia it 
this respect. In contrast, our three cases of pernicious anemia have twice thi 
ratio of carbonic anhydrase to red blood cells and hemoglobin compared wit! 
the normal values. 
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SUMMARY 





1. The earbonie anhydrase content of red blood cells exhibiting the sickling 
phenomenon corresponds to that of normal red blood eells. 

2. Washing red blood cells of individuals with sickle cell anemia or 
sickle cell trait with isotonic saline until sickling no longer occurs results in no 
significant loss of carbonic anhydrase activity. 

3. Addition of carbonic anhydrase to washed cells from which the sickling 
capacity has been removed does not restore this capacity. 

4. Carbonic anhydrase, under conditions described, has no effect on the 
sickling phenomenon. 

5. Confirmatory evidence is presented that in pernicious anemia unit 
values of ¢arbonie anhydrase in respect to red blood cell count and hemoglobin 


are about twice those of normal individuals. 
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CLINICAL STUDIES ON THIOMERIN, A NEW MERCURIAL DIURETIC 


IRVING W. WINIK, M.D., ann Rutu B. Benepictr, M.D. 
WASHINGTON, D. C 


cag effective mercurial diuretics are available and are widely used at 
the present time. The introduction of a new diuretic can be justified only 
if it is less toxic or more effective, or if it is more convenient to use. This report 
concerns itself with the results of a study of a new mercurial diuretic whose 
toxicity and efficiency have been compared with those of several of the prep- 
arations in common usage. The new material is the disodium salt of N(y-car- 
boxymethyl mercaptomercuri B-methoxy) propyl camphoramie acid (Thio- 
merin).* It has the same organic-mercurial structure as Mereuzanthin, with the 
theophylline replaced by sodium mereaptoacetate. Thiomerin is a white amor- 
phous powder which is supplied in vials containing 1.4 Gm. of the compound. 
The introduction of 10 ¢.c. of sterile water into the vial results in a solution 
containing the equivalent of 0.040 Gm. of mercury per cubic centimeter at a 
pH of about 7.5. 
METHODS 

The method of study was similar to that employed by DeGraff.1 Patients in congestive 
heart failure and with considerable edema were digitalized and kept at bed rest on a rela- 
tively salt-poor diet (approximately 3 grams of sodium chloride daily). There was no 
limitation of fluid intake. Each patient’s weight was recorded daily at the bedside until 
there was no further weight loss over the course of several days. At this point the diuretic 
was administered. Patients who were too ill to be weighed or whose weight might have 
been affected by variation in dietary intake, vomiting, decrease in hyperthyroid state, or by 
factors other than edema were not included in this study. Each patient’s urine was examined 
for abnormalities before and after the administration of the diuretic. Injections of Thiomerin 
were given subcutaneously, except in two instances when it was administered intravenously. 


The injections of Mercuzanthin and of Salyrgan-Theophylline were given intramuscularly. 


RESULTS 


The diuretic effect of Thiomerin in seventy trials on thirty-six patients is 
indicated in Fig. 1. There was diuresis resulting in weight losses ranging from 
2 to 17144 pounds. This range of weight loss was roughly proportional to the 
amount of edema present. In all the Thiomerin trials (in which weight loss 
was studied) the average weight loss was 6 pounds and the median weight loss 
was 5 pounds, while somewhat less than 50 per cent of injections resulted in a 
weight loss between 3 and 4 pounds. The diuretic effect usually appeared within 
several hours after the injection and lasted for twenty-four hours or more. The 
duration of action varied. Usually it was over by the end of twenty-four hours, 
although in several patients it lasted for three days. Variation in duration of 
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action sometimes occurred in the same patient from one injection to the next. 
In no instance was there any evidence of any nephrotoxic effect. From these 
results it can be seen that Thiomerin is an effective diuretic. 

The diuretic effect of Thiomerin was next compared with that of two widely 
used mercurial diuretics: Mereuzanthin and Salyrgan-Theophylline. Approxi- 
mately the same amount of mercury (0.04 Gm.) is present in 1 ¢.c. of all these 


preparations, 


DIURETIC EFFECT OF THIOMERIN IN 70 TRIALS 











| s ss = 38 G6 


As shown in Fig. 2, nineteen comparisons of the diuretic activity of Thio- 
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merin and Salyrgan-Theophylline were made in thirteen patients. In seven 
instances (37 per cent) the diuretic effect was the same. In nine instances 
{7 per cent) Thiomerin produced a greater diuresis, and in three instances 
16 per cent) Salyrgan-Theophyllin had a greater effect. The duration of 
lilretie action was also noted for the two drugs. In six instanees the Thiomerin- 
‘uced diuresis was more prolonged; in two instances a more sustained effect 
s induced by Salyrgan-Theophylline. In Case 44, Thiomerin-induced diuresis 
two trials was more prolonged and greater than that obtained with Salyrgan- 
ecophylline. This was true despite the fact that the Thiomerin was given 
ravenously on one occasion and subcutaneously on the next. 
The relative diuretic action of Thiomerin and Mereuzanthin was observed 
en comparisons on eight patients. In five of these instances the diuresis 
ined was the same; in three it was greater with Thiomerin, and in two it was 
ter with Mereuzanthin. It also was noted that in three instances Thiomerin- 


ced diuresis was slower and more prolonged. 
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Urinalyses before and after the administration of Thiomerin did 
This was true in a patient with chronic 


Toxicity. 
not reveal evidence of renal toxicity. 
glomerulonephritis as well as in the patients with heart disease of other etiology. 


COMPARISONS OF DIURETIC EFFECT OF THIOMERIN, 
MERCUZANTHIN AND SALYRGAN- THEOPHYLLINE 
INDIVIDUAL CASES 


WEIGHT LOSS (LBS.) 
8 10 12 


Legend 
[— THIOMERIN 
ZA MERCUZANTHIN 
MMMM S ALYRGAN - THEOPHYLLINE 





Since Thiomerin is given subcutaneously, local effects were watched fi 
They consisted of slight burning or stil 
A small number of patients a! 


Beeau 


Immediate reactions were minimal. 
ing at the site in 41 per cent of the injections. 
had some aching or local soreness lasting a few minutes to a few days. 
a certain number of nodules or infiltrations were found to follow use of 

drug, it was decided to study this long-term phenomenon more carefully in « 
other group of patients. While the early product, no longer being manuf: 
tured, caused appreciable indurations in 12 per cent of injections, the drug 
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it is now being prepared gave rise to such infiltrations only four times (3.3 
per cent) in a total of 121 injections. These areas, which were similar after 


both products, were situated subcutaneously and could usually not be outlined 


clearly since they faded into the surrounding tissue. They were about 14 in. 
to 11% in. in diameter, were up to 1% in. in depth, were occasionally attached to 
the skin, and were only rarely tender. They cleared up gradually in a period 
of two to five months. Biopsies done on four of these infiltrations showed them 
{o consist of areas of aseptie fat necrosis. In this last series of 121 injections 
there were also six instances (5 per cent) of local infiltrations so small that they 
would have been missed had they not been searched for carefully. 


DISCUSSION 


With the extensive use of mercurial diuretics, a number of reports have 
appeared which emphasize fatal or near fatal reactions from their intravenous 
use.) * The possibility of such toxic reactions has been present regardless of 
the mercurial preparation employed. It is due to direct action on the heart with 
the production of disturbances in conduction and rhythm®° and in working 
capacity.’ A recent study in animals of the comparative toxicity of the com- 
monly used mereurial diuretics and of Thiomerin has shown the latter to be 
160 to 200 times less toxic to the heart.* No effect was seen by electrocardiogram 
in anesthetized cats after a dose of 4 ¢.c. of Thiomerin per kilogram, as com- 
pared with 0.1 ¢.¢. per kilogram of other mercurial diuretics. If these results 
nay be transposed to man, this would compare a dose of 240 ¢.c. of Thiomerin 
to one of 6 ¢.c. of Mereuzanthin, Salyrgan-Theophylline, or Mereuhydrin. Thus 
the danger of sudden cardiac death would seem to be practically eliminated. 

Our results confirm the findings of Borg and Craig® and Hermann and ¢o- 
workers'® '' as to the efficacy of Thiomerin as a diuretic for subeutaneous ad- 
uinistration. The diuresis obtained by us following the subcutaneous in- 
ction of Thiomerin was comparable with that obtained with equivalent amounts 

Mereuzanthin and Salyrgan-Theophylline given intramuscularly. In some 
atients it was a more effective diuretic. The effeet was more sustained in a 
mber of instances. This may be related to the site of administration, al- 
ough in one patient the intravenous injection of Thiomerin produced more 
stained diuresis than did an intramuscular injection of Salyrgan-Theophylline. 


SUMMARY 

1. The diuretie effectiveness of Thiomerin, a new mercurial compound 
ch is reported to be less toxie to the heart when administered intravenously 
‘ats, has been investigated in man. 

2. Thiomerin was found to be an effective diuretic in seventy trials on 
ty-six patients. 

3. The diuresis obtained after the subcutaneous injection of 2 ¢.c. of Thio- 
n was comparable with or greater than that noted after the intramuscular 
f equivalent amounts of Mereuzanthin or Salyrgan-Theophylline in twenty- 
comparative studies on twenty-one patients. In some patients the diuresis 

Thiomerin was more sustained. 
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4. No systemic toxic effects were noted. Kidney damage, as judged by urine 


examinations, did not oceur. 


5. Loeal reactions following the subcutaneous use of Thiomerin were absent 


or insignificant 96.7 per cent of the time. Three and three tenths per cent of 


injections were followed by annoying but seemingly harmless subeutaneous in- 


filtrations of lone duration. 
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LIMITATIONS AND MERITS OF A SINGLE SERUM SAMPLE 
ANALYSIS IN THE DIFFERENTIAL DIAGNOSIS OF 
JAUNDICE 


ik’. W. Horrsaver, M.D., LizuteENANtT E. D, RAMes, MepicaL Corps, ARMY OF 
THE UNITED STATES,* AND J. K. MEINERT, BLM. 
MINNEAPOLIS, MINN. 


INTRODUCTION 


REVIOUS experiences in the employment of multiple biochemical proce- 

dures to assay liver function and to assist in determining the cause of jaun- 
dice have been reported from this clinic.’ ? The differential diagnosis of 
jaundice is a problem that can be solved only by the exercise of sound clinical 
judgment at the patient’s bedside. Laboratory studies are at best only aux- 
iliary aids to this problem. Until we possess specific biologic tests for the 
recognition of virus hepatitis, the detection of this disorder depends chiefly 
upon inferences drawn from the history of the illness, the physical examina- 
tion, and the laboratory evidence of liver dysfunction. Since we lack a non- 
operative roentgenologie method of visualizing the extrahepatic biliary tract 
in the jaundiced patient, the diagnosis of obstruction due to calculi, to tumors, 
or to stricture must similarly be based upon inferences from such data. 

In 1945, Schwimmer, Klotz, Drekter, and MeGavack* described their exten- 
sive experience with a fasting blood sample in the differential diagnosis of 
jaundice. They pointed out the many practical advantages of this procedure. 
The single specimen group of tests employed by these investigators included the 
icteric index, the van den Bergh reaction, the cephalin-cholesterol flocculation 
test, the serum alkaline phosphatase value, the total and esterified serum choles- 
terol, and the total serum proteins together with the albumin and globulin frac- 
tion. The application of these tests to a wide variety of hepatic disorders by 
Schwimmer and associates revealed that the ‘‘composite test’’ yielded results 
that were as delicate, as accurate, and as informative as those derived from 
the more elaborate tests of liver function. 

Shay and Siplet* stated that a ‘‘minimum yet adequate liver function 
study’? may be made in jaundice with the following tests: (1) quantitative 
an den Bergh, (2) serum cholesterol partition, (3) serum alkaline phospha- 

ise, (4) thymol turbidity, and (5) cephalin-cholesterol flocculation. They 
lustrated the merits of these tests when applied serially to individual eases. 
lore recently, Popper and Steigmann® have evaluated the merits of these tests, 
well as others in current usage, in 285 patients. The initial series of liver 
netion tests was taken into consideration in that study. 


From the Department of Medicine, University of Minnesota Hospital. 
_ This work was supported in part under the Commission on Liver Disease, Army Epi- 
iological Board, Preventive Medicine Division, Office of the Surgeon General, Washington, 
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The present study was made to test the accuracy with which a group of 
tests performed on a single fasting serum sample can assist in the differential 
diagnosis in a jaundiced patient. It is not our contention that the analysis of a 
single specimen of serum from a jaundiced patient should be entirely adequate. 
Serial observations are certainly indicated and were, in fact, carried out in the 
majority of our patients. These often included tests other than those to be dis- 
cussed in this paper. 


MATERIALS AND METHODS 


In the selection of cases for the present study only instances of regurgitation jaun 
dice have been chosen for analysis. Instances of retention jaundice usually have other dis 
tinguishing features and seldom present the diagnostic problems that regurgitation jaun 
dice does. One hundred forty-seven patients observed at the University of Minnesota Hos 
pital were included. The following criteria were employed in the selection. 

1. Presence of jaundice. The study has been limited to instances in which the prompt 
direct reacting component (1 min. value) of the serum bilirubin was greater than 0.4 mg. 
per 100 ¢.c. and the total bilirubin greater than 2.0 mg. per 100 cubie centimeters. 

2. Available data. Evaluation has been limited to instances in which the following 
determinations were made on a single sample of serum secured in the fasting state: bili 
rubin, total and esterified cholesterol, alkaline phosphatase, thymol turbidity, and cephalin 
cholesterol flocculation. 

Proof of diagnosis. Evaluation has been limited to patients in whom the diagnosis 
was established by operation, necropsy, or biopsy except in the cases of virus hepatitis 
where a clinical diagnosis was accepted despite lack of biopsy data. <A critical appraisal 
of the available clinical material was made and the selection was restricted to instances in 
which the course of the illness was believed to establish the diagnosis beyond reasonabl 
doubt. 

Ot the 147 patients, seventy-seven had extrahepatic biliary obstruction and seventy 
suffered from parenchymal liver disease. The former group included: 

1. Twenty-eight cases of carcinoma obstructing the bile ducts. 
2. Thirty-nine cases of common duct calculus. 
3. Ten cases of stricture of the bile ducts. 
In each instance the diagnosis was verified by operation or by necropsy. 
The group of cases of parenchymal jaundice included: 
1. Twenty-six cases of cirrhosis. 

2. Thirty-one cases of virus hepatitis. 

3. Thirteen cases of liver disease due to miscellaneous causes. 

The methods employed are listed in Table I. In three cases (see Table VI) and 
one case (Table VII) the thymol turbidity was performed according to the colorimet: 


adaptation of Ducci.12 The upper limit however is the same as by the Maclagan method 


TABLE I. BIOCHEMICAL PROCEDURES EMPLOYED 


PROCEDURE METHOD NORMAL VALUE 
“1. Serum bilirubin Malloy and Evelyn® as l’ (prompt direct) 0.2 mg 
modified by Ducci and 100 ee. 
Watson? (total, direct plus indire 


1.0 mg, / 100 e@.e. 


2. Cephalin-cholesterol Hanger® A reading greater than 1 
flocculation 24 hr. may be conside 
abnormal 
3. Thymol turbidity Maclagan® 0 — 4 units 
1. Serum cholesterol (total) Schoenheimer and Sperry1° 180 — 220 mg. per 100 c.e. 
5. Serum cholesterol] Schoenheimer and Sperry! 50 — 65% of total 


(esterified fraction) 
1 — 4 units per 100 c.e. 











































SINGLE SERUM SAMPLE ANALYSIS IN DIAGNOSIS OF JAUNDICE 1261 


RESULTS 

The values presented in Table II indicate the anticipated results if one were 
to assume that these procedures would always yield results of differential diag- 
nostic value. The values given are admittedly arbitrary. It is well known that 
certain cases of diffuse liver disease exhibit functional changes that are very 
similar to those produced by mechanical obstruction of the extrahepatic bile 
duets. Such instances may be considered examples of cholangiolar dysfunction. 
However, the majority of cases of hepatitis and cirrhosis might be expected to 
exhibit hepatocellular dysfunction and to conform therefore to anticipated re- 
sults insofar as these tests are concerned. 

The actual values obtained in the different types of jaundice are given in 
Tables III to VIII. The eases have been arranged in order of the increasing 
duration of jaundice insofar as the duration could be ascertained from the his- 
tory. The numbers in italics in these tables indicate instances in which the 
actual results fail to conform with those listed in Table II as anticipated re- 
sults. These data have been tabulated in Table LX. 


TABLE II. ANTICIPATED RESULTS IN BIOCHEMICAL TESTS EMPLOYED IN PRESENT STUDY 


CEPHALIN 





CHOLESTEROL THY MOL CHOLESTEROL ALKALINE 
TYPE OF LIVER (24 HR. TURBIDITY TOTAL SERUM ESTER PHOSPHATASI 
DISEASE READING ) ( MACLAGAN ) | CHOLESTEROL |( PERCENTAGE ) (BODANSKY ) 
Extrahepatic 1+ or below 0 — 4 units Above 225 Above 50% Above 10 units 
obstruction mg. per 100 
C.€. 
Parenchymal Above 14 Above 4 units |Below 225 Below 50% Below 10 units 
liver mg. per 100 
disease C.e, 


Bilirubin.—In Tables III through VIII, the relationship of the one-minute 
serum bilirubin to the total has been computed as percentage. The data for 
the serum bilirubin are presented in graphie form in Fig. 1 where the cases 
are arranged in order of increasing duration of jaundice. No consistent pat- 
‘ern of behavior is discernable. 

Serum Cholesterol_—aAn analysis of Table IX reveals that the total serum 
holesterol was below 225 mg. per 100 ¢.c. in twenty instances in the seventy- 
‘ven eases of extrahepatic biliary obstruction. Furthermore, the cholesterol 
sters constituted less than 50 per cent of the total in thirty-four eases in this 
‘oup. The cholesterol ester fraction was below 50 per cent in twenty-one of 

twenty-eight cases in the carcinoma group. 

The cholesterol levels failed to correspond with the anticipated results in 
enty-two of the seventy cases of parenchymal liver disease. The thirty-one 
ses of hepatitis included in these seventy cases represent a more homogene- 

group. Even so, eleven of these thirty-one patients had cholesterol levels 
ater than 225 mg. per 100 c.c. at the time the multiple tests were performed. 
ie of these eleven patients had ester fractions which comprised more than 

per cent of the total cholesterol. 
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Quantitative Serum Bilirubin 





65 





| 

| 

| 

60 
Indirect reacting 

55 Total serum bilirubin 
Direct reacting | 
(Prompt 0 or | bilirubin) 
50 ; | 


+ 
uw 


+ 
oO 


oo 
o 





& 
oO 


nN 
on 


Milligrams per lOO cc. 


nN 
1°) 






oO 














m 


3° 














llth ee ee 
ih f | bi i | M | m | | | LA | i 1 f ! | Li Tl | 





oO 





2) 
Case: | 28 29 6v 68 TT 8 103 104 134 135 147 
Diagnosis: Carcinoma Common duct stone Stricture Cirrhosis Hepatitis Misc. 
Big. 1. 


The cholesterol data are arranged in Fig. 2 in the order of the duration « 
jaundice. 

Serum Alkaline Phosphatase.—The results of the individual tests appear i 
Tables III through VIII. The instances in which the anticipated values we 
not obtained are listed in Table IX. It may be seen that the results were quit 
similar to those obtained with the cholesterol determination. The data are pr 


) 


sented graphically in Fig. 3 in the order of the duration of jaundice. 


TABLE TX. NUMBER OF INSTANCES IN WHIcH ACTUAL RESULTS FAILED TO CONFORM W 
ANTICIPATED RESULTS 


CHOLES 

TEROL 
CEPHALIN SERUM ESTER ALKALI 
NUMBER OF CHOLES THY MOI CHOLES (PER PHOS 
TYPE OF DISEASE CASES TEROL TURBIDITY TEROI CENTAGE PHATA 
Carcinoma 28 2 4 5 21 O 
Common duct stone 39 2 1 12 1] 12 
Common duct stricture 10 0 1 3 2 I 
Total 77 4 6 20 34 16 
Cirrhosis ; 26 9 9 8) 16 (+44 
Hepatitis 31 5 6 11 10 8 
Miscellaneous 13 10 9 9 6 { 


hep: atic dises ise 


Total 7 24 24 22 32 | 26 
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Cephalin-Cholesterol Flocculation Test.—Kor the purpose of this analysis 
only the reading obtained at twenty-four hours has been considered although 
both values are presented in Tables IIL through VIII. The data for the 





twenty-four hour reading have been arranged according to the duration of 
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Case: | 28 29 6f 68 TW 103 104 134 135 147 
Oragnosis: Carcinoma Common duct stone Stricture Cirrhosis Hepatitis Misc. 


Fig. 4. 


jaundice in Fig. 4. Among the seventy-seven cases of extrahepatic biliary ob 
struction there were four instances in which abnormal, and therefore presum- 
ably misleading, results were obtained. 

The two patients in the carcinomatous obstructive group (Cases 2 and 5, 
Table III) both exhibited positive Hanger tests early in the course of their 
jaundice. In Case 2, the patient, an 83-year-old woman, had jaundice due to a 


tf 


carcinoma of the gall bladder. Subsequent cephalin-cholesterol flocculation tes! 


also were positive repeatedly. The patient of Case 5, a 56-year-old man, prov 
to have a carcinoma of the pancreas with hepatic metastases. Serial determin 
tions were not possible in this instance. 

There were two proven instances of common duct stone obstruction in whi 
the Hanger test was positive (Cases 38 and 50, Table IV). Jaundice ass 
ciated with chills and fever had been present for seven days in Case 38; 0 
week later the cephalin-cholesterol was only a trace at 24 hours, and thou 
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jaundice had diminished, the other tests remained essentially unchanged. The 
presence of a positive test in Case 59 was not surprising since the patient had 
been jaundiced for six months. 





There were twenty-four cases among the seventy examples of parenchyma! 
liver disease in which the Hanger test was negative. This should occasion no 
surprise since the group is a heterogeneous one, and save for the thirty-one 


cases Of hepatitis, uniform results would be unlikely. 


Thymol Turbidity Reaction 
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Case: | 28 29 ov 68 TT 103 104 (34 135 «147 
Diagnosis: Carcinoma Common Duct Stone Stricture Cirrhosis Heportitis Mise. 
Fig. 5 


Thymol Turbidity.—The data relating to the thymol turbidity test, ob- 
tained from Tables IL] through VIII, are arranged graphically in Fig. 5 accord- 


ig to duration of jaundice. Inspection of Table [IX and Fig. 5 reveals that the 
st gave positive results (values greater than 4 units) in four cases of earei- 
ma and one each in the patients with calculus or stricture. 

Among the eases of cancerous jaundice with abnormal thymol turbidity 
ts, three patients (Cases 2, 17, and 26) had values just slightly above the 
el of 4 units which is taken as the dividing line. Case 12 revealed a value 
9 units. Only one patient in the group of caleulus jaundice had a value 
ve 4 units. This was Case 52 with 5 units. Similarly, one patient (Case 75, 
le V) with a long-standing stricture of the bile duct revealed a thymol test 
6 units. 

The seventy cases of parenchymal liver disease included twenty-four in- 

ces in which the thymol turbidity test was not elevated (Table IX). 

Multiple Tests—The principal purpose of this study was to determine the 

t of multiple laboratory tests that can be performed on a single sample of 

srum. It is therefore necessary to analyze briefly how often certain combina- 


+ 


s of these procedures gave misleading information. It is evident that the 
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quantitative van den Bergh reaction (Fig. 1) failed to give information of 
differential diagnostic value in this series of cases of regurgitation jaundice. 
The serum bilirubin will not, therefore, be considered further in relation to 
any combination, 

The ester fraction of the serum cholesterol, when expressed as per cent of 
the total, failed to conform to the anticipated results in thirty-four cases in the 
extrahepatic obstructive group. In thirty-two cases in the parenchymal jaun- 
dice group the value of the cholesterol ester fraction was greater than 50 pei 
cent and may, therefore, be considered unexpected. Because there appeared 
to be so much overlapping of values irrespective of what percentage level was 
chosen, this particular determination also will be eliminated from the present 
discussion of multiple tests. 

Four procedures—the total cholesterol, the alkaline phosphatase, the cepha 
lin-cholesterol flocculation, and the thymol turbidity—remain then for com 
parison. This comparison can best be made by examining the cases according 
to the established diagnoses. 

A. Carcinoma: Results opposite to those anticipated were encountered in 
two cases; two of the four tests proved to be misleading. Case 2, in which 
both the cephalin-cholesterol and the thymol test were positive, has been dis 
cussed previously. The results were consistent on repeated examinations dur 
ing the forty-five days that the patient survived. This was the only case in the 
group of seventy-seven surgical patients in which both the cephalin-cholestero| 
and the thymol turbidity were simultaneously positive and thereby misleading. 

Case 5 also has been discussed previously. In that instance the cephalin 
cholesterol flocculation value at 24 hours was 2 plus and the total cholestero! 
was only 198 mg. per 100 cubie centimeters. Only one set of determinations 
was made in this patient. 

B. Common Duct Stone: In one patient (Case 59) in this group, three o! 
the four tests under discussion were misleading. This elderly man had _ been 
jaundiced for six months. The total cholesterol was only 138 mg. per 100 e.c.; 
the cephalin-cholesterol reading was 2 plus, and the alkaline phosphatase value 
was 9 Bodansky units. Obstruction to bile outflow was presumably high grade 
since the total serum bilirubin at this time was 9.9 mg. per 100 cubie cent! 
meters. The fecal urobilinogen was not determined, but the presence of in- 
ereased urobilinogen in the urine indicated incomplete obstruction. 

In six cases in this group, two of the four tests failed to conform to the 
expected results. In each of these six instanees (Cases 30, 32, 34, 40, 48, and 
66) the total cholesterol ranged from 100 to 164 mg. per 100 ¢.e. and the alk 
line phosphatase was not elevated above 10 Bodansky units. The negati 
flocculation and turbidity tests in these instances were thus most helpful fr 
the differential diagnostic standpoint. 

C. Stricture: In no instance in these ten cases was more than one of 1 
four tests incorrect in any one patient. 

D. Cirrhosis: The results listed in Table IX indicate that the individ 


tests were frequently misleading in the twenty-six cases of cirrhosis. In Ca 
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98 all four of the procedures under discussion yielded results that were mis- 
leading as judged by the arbitrary standards. This patient did have a ¢ir- 
rhosis as proved by the surgical biopsy specimen. The pateney of the bile duct 
was established by cholangiography at the time of surgery, The patient was 
believed to represent an example of cholangioliti¢ cirrhosis.'4 Further evidence 
of the regurgitation of bile was the elevated blood bile acid: patient, 3.8; con- 
trol, 0.7 mg. per 100 ¢.c. as determined by the method of Josephson.'® 

Four cases (Cases 93, 95, 97, and 99) gave results that were misleading 
with three of the four tests. These results were particularly disturbing in Cases 
95 and 99 because both the thymol turbidity and the cephalin-cholesterol tests 
gave normal values and the phosphatase levels were high. Both patients were 
middle-aged women with jaundice of long standing and cirrhosis of unknown 
etiology. The patency of the bile duets was established in each instanee by 
subsequent exploratory operation. The cirrhotic process was not due to biliary 
stricture or ascending cholangitis so far as could be determined. In the re- 
remaining two instances (Cases 93 and 97) the thymol turbidity alone behaved 
in the expected fashion. Necropsy performed in Case 93° revealed a_ finely 
nodular, 2,625 gram liver that was classified as a portal cirrhosis of the Laénnec 
type by the pathologist. The bile duets were patent; the gall bladder had been 
previously removed surgically. In Case 97 the patient had had jaundice and 
pruritus of six years. A biopsy diagnosis of cirrhosis had been made previously 
and the patency of the bile duet established by operation. Although the 
cholesterol and phosphatase values were not remarkably elevated, the blood 
bile salt level was (patient, 4.1; control, 0.7 mg. per 100 ¢.c.).  Clinieally this 
patient also was believed to represent an instance of choangiolitie cirrhosis. 

In ten cases in the cirrhotie group, two of the four tests proved to be mis- 
leading. In two of these, Cases 79 and 82, this was especially serious in that 
both the thymol turbidity and the cephalin-cholesterol tests gave negative re- 
sults. Thus biochemically they closely resembled the previously mentioned six 
cases of common duct stone that failed to show the expected elevations of 
‘holesterol and phosphatase. The other eight cases were characterized mainly 
»y misleading elevations of the cholesterol or phosphatase (Table VI). 

KE. Hepatitis: The figures listed in Table IX show considerable deviation 
rom the anticipated results in the thirty-one cases of hepatitis. The results 
re shightly superior to those obtained in cirrhosis however, possibly because this 

a more homogeneous group. The eriticism may be made that we have em- 
oved certain biochemical tests to establish a diagnosis of hepatitis and then 
ve proceeded to use this diagnosis to demonstrate the value of the tests. This 
akness in such a study is appreciated, but in the absence of any specifie bio- 
ic tests for virus hepatitis, all such diagnoses, in the absence of a biopsy 
ist be based on clinical features and course. 

In two cases in this group, the results of these four tests were quite mis 

ding in that three of the four procedures gave results more in keeping with 
arbitrary standards listed for extrahepatic obstruction. Case 108 (Table 
failed at any time to show a positive result by either the Hanger or the 
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Maclagan tests and the initial cholesterol level was 230; serial observations 
showed a rise to 398 mg. per 100 ¢.c. and an eventual decline to 225. Yet, the 


clinical course appeared to leave little doubt that the jaundice was due to 





hepatitis. Complete recovery ensued atter a three-week illness; subsequent 
examination by cholecystography revealed a normally functioning gall bladder. 
Case 129 (Table VII) was very similar in regard to these tests. The patient 
was followed by serial tests at intervals of one week. The tests performed dui 
ing the fifth and sixth weeks revealed total serum bilirubin levels of 2.6 and 1.5 
mg. per 100 ©... respectively. On these two occasions only, the cephalin 
cholesterol test was 2 plus and the thymol test 6 units. Subsequent values 
were again normal and complete elinical recovery ensued. 

In six of the cases of hepatitis, two of the four procedures vave mislead 
ing results. In three of these (Cases 112, 116, and 124) the cholesterol and the 
phosphatase were elevated rather than normal or decreased as might be ex 
pected in hepatitis; the abnormal turbidity and flocculation tests were there 


fore of considerable diagnostic value in these two instances. Cases 131 and 





134 failed to demonstrate cephalin-cholesterol values greater than 1 plus at 24 
hours and the total cholesterol values were higher than might be anticipated 
in hepatitis. The thymol turbidity value was only 2 units and the alkaline 


phosphatase level was 11 Bodansky units in Case 104. 


F. Miscellaneous Hepatr Disease _ This small group ot thirteen patients 


has been included in this study chiefly because they had sufficient elevation oi 











; the serum bilirubin to conform with the criteria previously listed and because 
‘ . ° > . 

, the tests under consideration were performed simultaneously. In general, the 
L clinical nature of their illnesses was such that tests of liver function were not 
4 employed particularly for differential diagnosis. If Judged arbitrarily, how 
. . . . . . rt 

f. ever, the results of the tests were misleading in most instances. The serun 
F cholesterol showed to best advantage in this group. The low value in Case 14: 
14 Was particularly striking. At necropsy, this 27-vear-old woman was found 

> have a markedly fatty liver as a complication of severe and intractable ulcera 
4 ee bara ; . ; 

~ tive colitis of three months’ duration. 
nd 

- 
> 


DISCUSSION 


The purpose of this study was to evaluate the merits of what has be 
termed a ‘‘minimal yet adequate’’ program of liver function studies in tl! 
differential diagnosis of jaundice.‘ For this analysis, the program has _ be: 
minimal since only the initial single set of determinations obtained in ea 
patient has been evaluated. The limitations and merits of the individual tes 
have been so frequently and thoroughly discussed in current literature t! 
no attempt will be made to review that aspect here. The group of tests © 
ployed in this study can be performed on a single sample of serum and te: 
nically represent procedures that are well within the range of a modern hospit 
laboratory. The merits of these procedures in differential diagnosis have be 


subjected to critical testing on the basis of rather arbitrary standards. 
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The quantitative van den Bergh reaction when used as a means of determin- 
ing the bilirubin content of the serum has much to recommend it. The very 





real clinical value of the test in differentiating retention and regurgitation 
jaundice has been mentioned. Malloy and Evelyn'® indicated that the quantita- 
tive van den Bergh did yield results that would permit the differentiation of 
the various forms of regurgitation jaundice, a view shared by Meakins.** 
Ducci'* indicated, on the basis of his extensive experience in 1,770 eases, that 
the percentage of the prompt direct reacting bilirubin bore some relationship 
to the type of jaundice. In hepatocellular jaundice he observed the value to be 
“over 50 per cent,’’ in incomplete obstructive posthepatie jaundice, ‘‘ generally 
over 60 per cent,’’ and in complete obstructive posthepatie jaundice, ‘* generally 
over 70 per cent.’’ In the present small series of cases the relationship of the 
degree of biliary obstruction to the behavior of the serum bilirubin has not 
been studied. It is apparent from Fig. 1 that the levels of the one-minute 
and the total bilirubin and the percentage relationship were too variable to have 


diagnostic significance. 





The serum cholesterol levels and particularly the level of the cholesterol 
ester in the jaundiced patient have long been employed to good advantage. We 
have been repeatedly impressed with the merit of serial determinations of the 
total and esterified cholesterol in evaluating the severity of liver damage. The 
occurrence of low values for the total serum cholesterol in jaundice usually 
indicates severe hepatocellular dysfunction. This is particularly true when 
there is an associated sharp reduction in the concentration of the esterified frac- 
tion.’**! The results obtained in the twenty-eight cases of jaundice due to 
cancer indicate that the cholesteral ester fraction did not inerease to the same 
degree as did the free form. In four of the cases (Table III) the total choles- 
terol was greater than 225 mg. per 100 ¢.c. and the ester fraction comprised 
more than 50 per cent. In nineteen of the cases, though the total cholesterol 
exceeded 225 mg. per 100 ¢.c., the ester fraction was below 50 per cent. In 
nine of these nineteen cases the absolute value for the ester was below 100 mg. 

r 100 eubie centimeters. 

In the instances of caleulus jaundice (Table IV), twenty of the thirty-nine 
tients exhibited total cholesterol values greater than 225 mg. per 100 e.e. 
d esterified fractions greater than 50 per cent. Seven of these had total 
lesterol values greater than 225 mg. per 100 ¢.c. with less than 50 per cent 
erified, However, in only two of these cases was the absolute value for the 

r below 100 mg. per 100 eubie centimeters. 

On the basis of this limited number of cases, it might be suggested that this 

erence of behavior of the serum cholesterol ester in cancerous and ealeulus 

udice has some diagnostic significance. It should be noted that Epstein and 


19 


(censpan'® found elevated cholesterol ester levels as well as elevated total 
esterol levels in 75 per cent of their fifty-two cases of jaundice due to cancer, 
ding at variance with earlier reports.2!-??. Reduced serum cholesterol ester 


entages in jaundice due to cancer have been recorded by others.?* This 
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and other aspects of the serum cholesterol behavior in jaundice do not warrant 
undue emphasis, however. Snell?! has indicated the difficulties encountered in 
attemping such correlations. 

The variations of the serum alkaline phosphatase activity in jaundice have 
been utilized for diagnostic purposes since 1933.2% 2° Gutman and associates: 
reported that the majority (approximately 90 per cent) of cases of extrahepatic 
biliary obstruction had levels of alkaline phosphatase activity greater than 
10 Bodansky units. In many cases of diffuse liver damage, the alkaline phos- 
phatase failed to exceed 10 Bodansky units. The diagnostic merits of combin 
ing the phosphatase determination with the cephalin-cholesterol flocculation 
test** or with the thymol turbidity test?’ have been described. The results of 
the present study are in agreement with the observations?’ that there is better 


correlation of elevated alkaline phosphatase in jaundice due to cancer than in 


that due to caleulus obstruction (Table IX). The fact that certain cases o1 
diffuse liver damage have phosphatase values greater than 10 Bodansky units is 
also well recognized.2* The results shown in Table [X and in Fig. 3 bear this 
out. 


The present study indicates that the cephalin-cholesterol and thymol tur 
bidity tests, when considered together, were seldom misleading in the surgical 
eases. In only one instance in the seventy-seven cases of extrahepatic obstruc 
tion (Case 2) were both tests simultaneously positive on this single examina 
tion. The opposite aspect, that is the failure of the tests to exhibit positive 
reactions in the presence of parenchymal liver disorders, is more common. 
The two instances in the hepatitis group in which both tests were negative 
(Cases 108 and 129) have received comment. There were five such instances 
in the cirrhotie group and seven in the miscellaneous group. 

It seems apparent from recent observations that the zine turbidity test o! 
Kunkel®® yields fewer false positive reactions in cases of extrahepatic biliar: 
obstruction than does the thymol turbidity. As Popper and associates*! have 
observed, the zine turbidity test will likely prove to be of additional aid in the 
laboratory diagnosis of jaundice. 

In summary, it may be stated that certain characteristic biochemical r 


t 


sponses do occur fairly uniformly as the result of hepatie disease and bile dw 
obstruction. Most cases of extrahepatic bile duct obstruction exhibit elevated 
cholesterol and alkaline phosphatase levels and have normal responses to 1 
thymol turbidity and the cephalin-cholesterol flocculation tests. Many cases 
jaundice due to diffuse liver disease exhibit biochemical changes of an oppos 
nature; consequently, such tests have differential diagnostic value. Certa! 
eases of parenchymal liver disease exhibit changes that closely parallel thi 
seen in extrahepatic obstruction, i.e. elevated cholesterol and phosphati 
values and normal responses to flocculation and turbidity reactions.  T! 
constitutes a limitation of the use of so-called tests of liver funetion in diff: 
ential diagnosis that must be accepted. It is a reflection of a basie patholo; 
phenomenon: the diffuse liver damage existing in hepatitis and cirrhosis m: 
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manifest itself with varying emphasis on hepatocellular or cholangiolar fune- 
tional impairment. Hepatocellular functional impairment may be regarded as 
the classical type and the resultant biochemical changes are quite characteristic 
and readily recognizable. When cholangiolar functional impairment pre- 
dominates in cases of hepatitis and cirrhosis, the results of the tests under dis- 


cussion may prove misleading insofar as differential diagnosis is concerned. 
CONCLUSIONS 


1. The results of five biochemical procedures (bilirubin, cholesterol, phos- 
phatase, cephalin-cholesterol flocculation, and thymol turbidity) applicable to 
a single sample of serum have been analyzed as to their respective merit in the 
differential diagnosis of jaundice. 

2. The results in seventy-seven patients with jaundice due to extrahepatic 
biliary obstruction have been contrasted with those obtained in seventy patients 
with jaundice due to parenchymal liver disease. 

3. The results of these tests in jaundice due to extrahepatic obstruction 
were fairly uniform; nevertheless, deviation from the anticipated results in two 
or more of the tests occurred in ten instances. 

4. The results of these tests in jaundice due to parenchymal liver disease 
were variable. They were adequate from a diagnostic standpoint in the cases 
where hepatocellular dysfunction predominated. In a significant number ot 
cases, cholangiolar dysfunction apparently predominated and the results of the 


tests resembled those seen in extrahepatic biliary obstruction. 
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EEEFECT OF EPINEPHRINE ON VITAMIN A AND GLUCOSE 
BLOOD LEVELS IN NORMAL AND CIRRHOTIC SUBJECTS 


Rospert W. HitumMan, M.D. 
New York, N. Y. 


HE role of the liver in the regulation of the blood plasma vitamin A level 
is poorly understood. Although accorded diagnostic significance in hepatic 
disorders, the plasma concentration does not necessarily reflect the vitamin A 


-9 


concentration in liver tissue.’® On diets restrieted in vitamin A, the blood eon- 
tent ordinarily is maintained within the normal range virtually to the point 
of full tissue depletion. Moreover, although 95 per cent of the body’s vitamin 
A is stored in the liver,'® the recent work of Sexton and co-workers'! suggests 
that this organ may not be, as was hitherto generally believed, the prineipal 
site of conversion from the carotene precursor. 

Hepatie diseases, however, are often associated with lowered blood vitamin 
A levels.'2-'® This oeeurs in cirrhosis, in which the vitamin A content of the 
liver is greatly reduced.’® ‘7 The low plasma levels in cirrhosis might reflect 
an inability to mobilize the vitamin because of decreased body stores. 

Young and Wald'* noted an increase in the blood vitamin A level of rabbits 
following epinephrine injection. Observations made in this laboratory indicated 
that the same phenomenon often occurs in normal human subjects.* This 
phenomenon was utilized in the present investigation to study the mobilization 
of vitamin A in patients with cirrhosis. The blood glucose response to epine- 
phrine, which is thought to be a measure of hepatic glycogenolysis'® '? and may 
he otherwise related to vitamin A metabolism, ® !° 2° 2") ?? was determined 
simultaneously. 

MATERIAL AND METHODS 


Studies were made in twelve patients with cirrhosis of the liver and twenty-two control 
ibjects, in two of whom the procedure was repeated. Two of the twelve cirrhotic subjects 
1 complicating diabetes mellitus and one (with previous jaundice but no clinical diabetes) 
as discovered at autopsy to have hemochromatosis. The control group—recruited from non- 
rrhotie patients, staff members, and medical students—included ten persons with completely 
rmal liver function studies and twelve without clinical evidence of hepatic disease but with 

or more, often transitory, abnormal function tests, One of each of these groups was 
hetie. 

The patients with cirrhosis were on a standard high protein, high calorie diet.23  Ex- 

t for appropriate diabetic regimens in two cases there was no regulation of food intake 
ng the control subjects. 

The test was performed in the fasting state and consisted of the intramuscular injection 
pinephrine (0.6 ¢.c. of a 1:1,000 solution). Samples of venous bloodt were taken before 
at one-half, one, and two hour intervals after the injection. Plasma vitamin A (and 
‘tene) levels were determined by the method of Kimble,24 employing the Carr-Price re- 


m. Blood sugar concentrations were measured by a modified Benedict procedure.25 


From the Research Service, First (Columbia) Division, Goldwater Memorial Hospital. 
Received for publication, June 22, 1949. 

*The reciprocal phenomenon, i.e. a decrease in the plasma vitamin A level, Ilkewise has 
observed following injection of an epinephrine antagonist, insulin, and, on occasion, follow- 
he injection of glucose alone. 

*Simultaneous determinations have shown essentially parallel changes in arterial and 
is blood plasma vitamin A levels. 
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blood sugar elevation of 30 per cent above the fasting figure is regarded as 
normal—virtually the same value as that generally accepted for the response to 
epinephrine.!” ! 

In five of twelve (42 per cent) determinations in the cirrhotic group and 
in ten of twenty-four (42 per cent) in the control group there was a significant 
increase in plasma vitamin A after injection of epinephrine. Among the twelve 
patients with cirrhosis only one showed a significant increase in both plasma 
vitamin A and blood sugar levels. The vitamin A level alone rose in four others, 
while a normal blood sugar elevation occurred in four without a positive vitamin 
A change. Three individuals showed no significant positive shift in either con- 
stituent. 

Of the control subjects, eight yielded a rise in both blood vitamin A and 
sugar levels: two, an elevation in the vitamin A alone; eleven, in the sugar 
alone; and three, in neither substance. 

Six patients with cirrhosis and seven of the control group showed decreased 
vitamin A levels after injection of epinephrine. 

Blood plasma carotene levels, measured as a necessary part of the Kimble 
procedure, showed no consistent changes in either group and served as a check 
on possible errors due to faulty sampling or variations in blood volume. 

There was no apparent correlation between the initial blood concentration 
and the magnitude of the individual response. However, the most pronounced 
reductions in vitamin A levels were exhibited among individuals with low fast- 
ing levels. 

Of the two control subjects in whom the test was performed twice, one ex- 
hibited a rise in vitamin A and blood sugar on both oecasions and the other 
showed a vitamin A rise in one and a blood sugar increase in both instances. 

DISCUSSION 

The plasma vitamin A response to the injection of epinephrine is apparently 
variable one. While approximately 42 per cent of individuals exhibit an ar- 
itrarily significant increase in plasma vitamin A concentration, the majority 
how a trend in that direction and only a few undergo a decrease of comparable 
agnitude. Sinee an elevation of plasma vitamin A level occurs with virtually 
e same frequency among patients with cirrhosis as among normal controls, the 
esponse to injected epinephrine in the dose employed cannot be used as a test 
hepatie funetion. Moreover, the frequent failure of control subjects to demon- 
rate the so-called normal mobilization of blood sugar following injection of 
inephrine'’ !° casts doubt on the validity of this test as well. This finding is 

variance with the opinion recently expressed by Kinsell and associates.*° 

Probably most significant is the demonstration that blood plasma vitamin A 

els evidently are not a reliable index of body stores since individuals with 
a normally low levels may show an increase in the concentration of this sub- 
siance in response to injections of epinephrine. 


















































HILLMAN 


SUMMARY 


Plasma vitamin A and blood sugar responses to injection of epinephrine 


were determined in twelve patients with cirrhosis of the liver and in twenty- 


two control subjects. 


42 per cent of each group. 


A significant increase in plasma vitamin A concentration was observed in 


There was no apparent correlation between initial 


levels and the magnitude of the vitamin A responses. Low fasting eoneentra 


tions did not preclude a significant increase in plasma vitamin A, 


There was no 


correlation between the responses of blood vitamin A and blood sugar to epine 


phrine administration. 


The plasma vitamin A response to epinephrine injection does not appear 


to be a valid test of hepatic function. 
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INTESTINAL PARASITISM IN AMERICAN TROOPS IN GERMANY 





RELATION TO TRANSMISSION OF VIRAL HEPATITIS 


Pau. L. BuRLINGAME, PH.D.,* AND Horace T. GARDNER, M.D.Tt 
WITH THE TECHNICAL ASSISTANCE OF GUENTHER RESEMANN, 
CORPORAL JACK CRANMER, AND ELEONORE VOLLMER 


HE epidemiology of the sporadic, endemic hepatitis now occurring in 
Tsien among American Occupation Troops is not clear, and it is impos- 
sible, in the absence of precise laboratory methods, to distinguish clinically 
homologous serum jaundice (SH)t from infectious hepatitis (IH). As the 
manner of spread of the two infectious agents is different, with consequent 
difference in methods of prevention and control, it is important to determine 
which agent is the predominant one in Germany. 

It has been shown definitely that the oral-intestinal route may be used to 





infect human volunteers with the agent of infectious hepatitis (virus IH), by 
Voegt,? by MacCallum and Bradley,’ and by Havens and co-workers.*— Whether 
there are other routes whereby the disease could spread naturally is not known. 
On the other hand, the virus SII of ‘‘ homologous serum hepatitis’? has not been 
transmitted by the oral route—with two possible exceptions” * which American 
workers® ® *° have been unable to confirm. It was thought that at least a 
partial idea of the amount of fecal contamination in the food of soldiers with 
hepatitis might be gained by surveying the amount of intestinal parasitism 
present among them and by comparing the findings with those of soldiers in 
other Army hospitals who did not have hepatitis, with presumably healthy 
soldiers, and with the indigenous German personnel employed in Army messes. 

Although as an oblique study of one facet of the epidemiological problem 


. 
> 
, 
» 
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involved, no significant information was acquired, the findings of widespread 
intestinal parasitism in American troops in Germany seems worth reporting to 
eall attention to the high incidence of parasitism in all groups studied. 


CHocity ar 


MATERIALS AND METHODS 


At the Hepatitis Research Center, 220 patients with hepatitis were examined. Th 


patients were in all stages of the disease, from the acute period to convalescence. The d 


thir: 


agnosis of hepatitis had been established by the history, the appearance of icterus, and liver 
function tests. Patients with carbon tetrachloride poisoning with icterus were excluded fro! 
the series, as were patients in whom the diagnosis was doubtful or in whom the icterus ha 


been determined to result from cholelithiasis. 
From the Hepatitis Research Center, 120th Station Hospital and the 4th Medical Labo: 
tory, European Command. United States Army. 

This study was conducted in cooperation with the Commission on Virus and Rickettsi 
Diseases of the Army Epidemiological Board, Office of The Surgeon General, United Stat 
Army, Washington, D. C., with the approval and interest of Maj. Gen. E. A. Noyes, The Chis 
Surgeon, EUCOM, and Lt. Col. Carl V. Lind, M.C., Commanding Officer of the 4th Medi 
Laboratory, to whom appreciation is expressed. 

A preliminary report of some of this work has appeared in the Medical Bulletin, EUCOM 

Received for publication, June 14, 1949. 

*4th Medical Laboratory, United States Army EUCOM, A.P.O. 403. 

*Now at the Section of Preventive Medicine, Yale University School of Medicine, Ne 
Haven, Conn. 

tThe terms SH and IH have been suggested by Neefet to designate homologous seru 
jaundice and infectious hepatitis respectively. 
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Asa comparable lhiospital population, the EUCOM Orthopedic Center (to which, as to 
the Hepatitis Center, patients are sent from all parts of Germany and Austria) was selected, 
and 116 orthopedic patients without hepatitis were examined. In addition, a survey of 138 
patients on all services in the 279th Station Hospital in Berlin (excluding those with hepatitis 
awaiting shipment to the Hepatitis Center) was made. This hospital was selected because it 
receives patients chiefly from the Berlin area where the rate of hepatitis is somewhat higher 
than in the remainder of Germany and is, furthermore, not in a highly endemic area for 
any particular parasite; while the Orthopedic Center was at Stuttgart where there is a high 
incidence of ascariasis among the indigenous pouulation. The incidence of intestinal protozoa 
is quite uniform throughout the American Zone of Occupation. In addition, 190 presumably 
healthy soldiers from the hospital in Berlin were examined. At the same time, parasitological 
examinations on the stools of 218 indigenous personnel* employed in the hospitals were made, 
results of which have been combined with the findings on previous surveys (July, 1947, to 
\pril, 1948) of 1,492 indigenous mess personnel from various Army installations all over 
Germany. Altogether, a total of 644+ military$ and 1,705 indigenous personnel are herewith 


reported. The composition of the groups examined and the findings are given in Table I. 


TABLE I, INCIDENCE OF PARASITISM IN AMERICAN AND INDIGENOUS PERSONNEL IN THE 
AMERICAN ZONE OF OCCUPATION, GERMANY 


TOTALS OF 


GROUPS 1], 2, 
GROUPS SURVEYED I 2 3 } 3, 4 5 
| JUL. 1946- 
DATE OF SURVEY Nov. 1947 | APR. 1948 | JAN. 1948 | APR. 1948 APR. 1948 
NUMBER OF PERSONS 212 11] 34 1S7 644 1,705 
Endamoeba 35 (16%) 12(11%) 13 (10% 14 (7%) 74+ (11%) 25% 
histolytica 
Endamoeba coli 38 (18%) 32 (29%) 27 (20%) 43(23%) 140 (22%) 44% 
Endolimax nana 81 (38%) 49 (44%) 32 (24%) 39(21%) 201 (31%) 37% 
lodamoeba buetschlii 21 (10% ) $ (4%) 6 (4%) 8 (4%) 39 (6%) 11% 
Dientamoeba fragilis 38 (1%) 9 (8%) 0 (0%) 10 (5% 22 (3%) 2% 
Giardia lamblia 16 (8%) 15 (14% 14 (10%) 12(6%) a7 (9%) 8% 
Chilomastix mesnili 6 (3%) 2 (2%) 3 (2%) 1(0.5%) 12 (2%) 3% 
Ascaris lumbrieoides 2 (1%) 2 (2%) 1 (1%) 2 (1%) 7 (1%) 10% 
Trichocephalus 2 (1%) 2 (2%) 2 (1%) 0 (0%) 6 (1%) 11% 
trichiura 
knterobius 4 (2%) 1 (1%) 3 (2%) 0 (0% ) 8 (1%) 3% 
vermicularis 
Hvymenolepis nana 0 (0%) 1 (1%) 0 (0% 0 (0% 1 (0.1%) 0.1% 
Hookworm 10 (5%) 8 (7%) 6 (4%) 10 (5%) 34 (5%) 0.1% 
Strongyloides 0 (0% 1 (1%) 0 (0%) 0 (0%) 1 (0.1%) 0.1% 
stercoralis 
Number of infesta- 218 138 107 39 602 2,678 
tions 
ufestations} per 1,028 1,243 798 743 935 1,571 
1,000 persons 
Persons harboring 128 (60%) 71 (64%) 70(52%) 83 (44%) 352 (55%) 78% 


parasites 


*Group 1, 120th Station Hospital, Army Hepatitis Center, Bayreuth. 

Group 2, 387th Station Hospital, Army Orthopedic Center, Stuttgart. 

Group 38, Patients, 279th Station Hospital, Berlin. 

Group 4, Detachment personnel, 279th Station Hospital, Berlin. 

Group 5, Indigenous personnel employed in Army messes. 

yLarge races only, 20; large and small races together, 23; small races only, 31. Cysts 
ly, 44; eysts and trophozoites, 21; trophozoites only, 9. 

tParasitized individuals harbored from one to five species. 


*Combined in Table I with 1492 indigenous personnel surveyed between July, 1946, and 
vember, 1947.% By indigenous personnel here is meant Germans employed in Army in- 
illations. 

Twenty persons included in a preliminary report!® are here omitted because they either 
e a foreign home address or gave no home address. 

tIncluding twenty-five United States civilians and dependents, 
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Three techniques were employed on each stool: 1) iron-hematoxylin stained smears, 
2) zine sulfate centrifugal concentration, and (3) thick fecal smears, fixed and dehydrated 
in 95 per cent and 100 per cent aleohol and cleared in xylol. One zine sulfate concentration, 
two hematoxylin smears, and two transparent thick smears were examined for each stool. 
Kach person was given a saline purge and requested to submit a warm, soft, unformed stool 
sample, with a completed questionnaire. One stool sample from each person was examined. 
The same procedure was followed in all surveys previously conducted on indigenous food 
handlers in Army messes. 

RESULTS 
A tabular presentation of the survey is shown in Table I. The possible 

effect of disproportionate numbers of persons with previous residence in south- 
eastern states* of the United States and with tropical service in the various 
groups and the groups in which trophic forms of protozoa might exist are 
indicated in Table If. While only 50 per cent of the stools obtained at the 
Ilepatitis Center were actually unformed, a large percentage of the formed 
stools were soft and were promptly delivered to the laboratory. The material 
obtained at both Bayreuth and Stuttgart was quite comparable with that ob- 
tained from indigenous personnel for several previous surveys. 

TABLE IT. INCIDENCE OF PARASITISM IN RELATION TO THE PERCENTAGE OF PERSONS FROM 


SOUTHEASTERN STATES AND WITH TROPICAL SERVICE EXAMINED, AND THE 
NATURE OF THE STOOL SAMPLE EXAMINED 


PER CENT PER CEN PER CENT 
INCIDENCI INFESTATIONS FROM WITH TROP- UNFORMED 
WW 1,000 SE STATES ICAL SERVICI STOOLS 
Stuttgart 64 1,252 15 23 SO 
Bayreuth 60 1,028 1] 16 50 
Berlin, patients 477 79S 37 18 35 
Berlin, detachment 14 743 34 13 24 
personnel 

Mean dD 935 38.8 16.8 15 


Table III shows the incidence of parasitism among persons [rom south- 
eastern states as compared with that of persons from all other states combined. 
Thirty-twot (13 per cent) of 250 persons who gave a permanent address in a 
southeastern state harbored hookworm. Fifteen persons (6 per cent of 250) 
harbored no other parasites. 

One hundred and eight (16.8 per cent of 644) persons had served in the 
tropies. Sixty per cent harbored intestinal parasites. Sixteen (21.6 per cent) 


of 74 persons who harbored Endamocha histolytica had been in the tropies. 


TABLE IIT, INCIDENCE FOR PERSONS FROM SOUTHEASTERN STATES AS COMPARED WITH 
PERSONS FROM OTHER STATES 


SOUTHEASTERN STATES OTHER STATES 
C7, f 

{ /C \ /o) 

Stuttgart 66 62 

Bayreuth 69 54 

Berlin, patients plus detachment personne] 63 39 

Mean incidence 65 17 
*Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana, Maryland, Mississippi, North 
Carolina, Oklahoma, South Carolina, Tennessee, Texas, Virginia, West Virginia, District of 
Columbia. Arkansas, Oklahoma, and Texas are included because of the presence of hook- 


worm in certain areas. 


7TOne person from California (with tropical service) and one person from the state of 
Washington (with no tropical service) also harbored hookworm. 
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The incidence for persons (all groups combined*) who had been in Germany 
one year or less was 50 per cent; from not less than one year to two years, 99 
per cent; and for more than two vears, 48 per cent. In a group of 224 persons 
who were from states other than southeastern and who had not been in the 
tropics, incidences were, for these respective periods, 51 per cent, 47 per cent, 
and 55 per cent. 

Fifteen (48 per eent) of 35 colored soldiers harbored parasites. 

Seven women patients, 6 of whom harbored parasites, are ineluded in the 
Berlin survey. 

Of 633 persons who stated their age, 36.2 per cent were from 17 to 20 vears 
of age; 30.6 per cent, from 21 to 25; 16.8 per cent from 26 to 30; and 16.4 per 
cent were over 30 vears of age. In the hepatitis group alone the percentages 
in these respective age groups were 40 per cent, 25.7 per cent, 20.6 per cent, 
and 14.3 per cent, and the percentages harboring intestinal parasites in these 
age groups were 62 per cent, 69 per cent, 57 per cent, and 55 per cent. For 
all surveys combined, the percentages harboring parasites in the four age 
groups were 55 per cent, 62 per cent, 52 per cent, and 43 per cent. 

Sixty-five persons (10.1 per cent) of 644 stated they had had, at the time 
of the stool examination or within the recent past, one or more episodes of 
diarrhea. Thirty-nine of these 65 were in the group with hepatitis. Thirty- 
four (52 per eent) of the 65 harbored intestinal parasites. The percentage of 
persons with a history of diarrhea was, for each group, as follows: hepatitis 
patients, 18.4 per cent; orthopedie patients, 3.6 per cent; Berlin patients (all 
services), 5.8 per cent; Berlin detachment, 6.4 per cent. Of those harboring 
E. histolytica, 31.4 per cent gave a history of diarrhea. Tor other organisms 
the percentages were: Giardia lamblia, 17.6 per cent; Chilomastir mesnili, 25 
per cent ; Dientamoeba fragilis, 4.4 per cent; hookworm, 8.8 per cent. 

The patients and detachment personnel at Berlin may be considered as 
representative residents of that particular area. The patients at the Hepatitis 
and Orthopedie Centers are drawn from all parts of the American Zone of 
Occupation. 

DISCUSSION 

As an oblique approach to the problem of the transmission of ‘*infeetious 
hepatitis’? in Germany—one aspect of which may be the contamination of food 
and water with fecal material—surveys for intestinal parasites have been made 
on 644 healthy and hospitalized American personnel. The incidence of 
parasitism in the group with hepatitis was 60 per cent and in a group of ortho- 
pedie patients in another hospital the incidence was 64 per cent. A third group 
of hospitalized persons (all services) had an incidence of 52 per cent, and the 
incidence in a group of hospital detachment personnel was 44 per cent. An 
average of 55 per cent harbored from one to five species of parasites. 

The variations in ineidence found are probably attributable more to such 
variable factors as former residence in the southeastern part of the United 


*Persons with hookworm only, in this instance, were regarded as showing negative re- 
sults, since the acquisition of hookworm in Germany is highly unlikely. 
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States, tropical service, and, perhaps mainly, the character of the stool sample 
examined than to any considerable difference in the amount of fecal con- 
tamination of food and water to which any one group had been exposed. 

There may be a real difference in the incidences for persons from south- 
eastern states and from other parts of the country, partly attributable to 
hookworm infestations. However, in the group that contained the highest 
percentage of persons from southeastern states, and which submitted the most 
suitable material for stool examinations, no difference is to be noted. 

The average incidence for 1,705 indigenous personnel was 78 per cent, with 
parasitized individuals harboring from one to seven species. If the incidence 
of parasitism among Americans has been affected by environmental conditions 
in Germany or by contact with indigenous personnel, it is not apparent in the 
present study. No appreciable increase or decrease in incidence with con- 


tinued residence in Germany was found. 


SUMMARY 


1. A survey of intestinal parasitism among American Occupation Forces 
in Germany and indigenous German personnel is presented and compared with 
the incidence of intestinal parasitism in patients suffering from acute and 
chronic hepatitis. No significant difference between patients with hepatitis 
and other groups was noted. 

2. The average incidence of intestinal parasitism among hepatitis patients 
was 60 per cent, while the average in other hospitalized patients was 55.3 per 
cent. The average in apparently healthy American soldiers was 44.0 per cent, 
while in indigenous personnel it was 78 per cent. An analysis of the individual 
parasites in each group is presented. 

5. A discussion of the significance of these findings in relation to other 
factors is presented. 
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PRIMARY HISTOPLASMOSIS WITH RECOVERY OF HISTOPLASMA 
CAPSULATUM FROM THE BLOOD AND BRONCHIAL SECRETIONS 


RaLPpH H. KuNstapter, M.D., FRANcES C. WuHitTcoMs, M.S., AND 
ALBERT MILZER, M.D., PH.D. 
(CHICAGO, ILL. 


URING the course of studies on the significance of skin sensitivity to fungus 

antigens of children with acute respiratory infections and pneumonia,’ we 
had the opportunity to observe the clinical course and carry out bacteriologic 
and serologic studies in a case of primary pulmonary histoplasmosis in a 12- 
year-old colored boy. We believe that this case is of particular significance 
because it adds further support to increasing reports concerning the benign 
nature of histoplasmosis and completes the missing picture comprising the 
initial infection and progress through the phase of healing. The infection was 
followed from the onset to complete recovery with beginning calcification. As 
far as we know, this is the first case of proved active primary pulmonary histo- 


plasmosis to be reported in a child who was born and reared in the Chicago area. 


CASE REPORT 


J. G., a 12-year-old colored boy who has been observed in the outpatient eardiae elinie 
for the past four years following an attack of rheumatic fever with carditis, was admitted 
to Sarah Morris Hospital on Sept. 4, 1948, with a tentative diagnosis of recurrent acute 
rheumatic fever. This patient was born and reared in Chicago and never left Tlinois. 
He developed rheumatic fever and carditis at the age of 9 years. He made a good recovery 
but was left with mitral insufficiency and some cardiac enlargement. During the past three 
years he attended a summer camp for cardiae patients and has been in good health. During 
the years preceding the attack of rheumatic fever he had measles and mumps. The family 
history was noncontributory except that a sister, 12 years old, died in April, 1944, of rheu 
matic heart disease. Also a brother, 18 years old, died in March, 1948, with a clinical diag 
nosis of pulmonary tuberculosis, but no autopsy was done. 

Five days before admission, the patient had returned from a summer camp for cardiac 
patients located near Chicago. On the day of his return he complained of a head cold and 
headache. He had a slight nonproductive cough and a fever. The day before admission 
to the hospital he complained of pain in his left elbow, unaccompanied by swelling. 

Physical examination revealed a well-developed and well-nourished colored boy of 12 
years who did not appear acutely ill. The temperature was 102.6° F., respiratory rate, 28 per 
minute, and the pulse rate, 82. The positive findings were: moderate nasal congestion, 
slightly enlarged anterior cervical lymph nodes, slight cardiac enlargement to the left, a 
loud blowing systolic murmur at the apex which was transmitted to the axilla, and an early 
diastolic murmur at the apex and base. The lungs were clear, the liver and spleen were not 
enlarged, and the extremities appeared normal. The laboratory findings are summarized 
in Table I. 

An x-ray of the chest on September 7 revealed clear lung fields and slight cardiac 
enlargement (Fig. 1). Skin tests done on September 7 with histoplasmin* and tuberculin 


gave positive reactions with 7 mm. and 13 mm. indurations respectively, while skin tests 

From the Sarah Morris Hospital for Children and the Department of Bacteriology and 
Virology, Medical Research Institute, Michael Reese Hospital. 

Aided by a grant from the Committee on Scientific Research of the American Medical 
Association. Supported in part by the Michael Reese Research Foundation. 

Received for publication, June 15, 1949. 

*Fungus antigens were used in dilutions of 1:1,0000. P.P.D. was used in dilution of 0.0001 
milligram. 
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TABLE I, SUMMARY OF LABORATORY DATA 


DATE 9/4/48 9/7/48 9/14/48 11/17/48 12/7/48 

Red cell count 3.6 mul. ; 1.0 mil. 3.9 mil. 3.9 mil. 
Hemoglobin 11.2 Gm. - 11.2 Gm. 11.9 Gm, 12.6 Gm. 
White cell count 5,900 5.200 6,500 6,000 
Differential count (%) 

Neutrophiles 14 - 50 oz 69 

Lymphocytes 75 38 30 23 

Eosinophiles 3 - 1 2 0 

Basophiles 1 - 0 } 0 

Monocytes 7 -- 1] 15 S 
Urinalysis Negative - - Negative _ 
Sedimentation rate 28 15 ~ 24 10 

(mm. per hr.) 
Wassermann and Kahn Negative - ~ ~ Negative 
Antistreptolysin titer ies 166 _ 100 _ 
Weltmann reaction ae 5 _ 5 - 
Blood cultures Negative H. eapsula - 


tum iso 
lated 


with blastomyein, coccidioidin, and torulin were negative. On symptomatic treatment the 
patient’s temperature became normal after forty-eight hours, and he made an uneventful 
recovery, There were no significant changes in the cardiae findings. The patient was dis- 
charged from the hospital on Sept. 15, 1948, eleven days after admission, 

Second Admission.—The patient was readmitted to the hospital on Nov. 17, 1948, with a 
history of malaise and fever for one day. The temperature was 104° F., pulse rate, 104, 
and respiratory rate per minute, 22. The blood pressure was 130 mm, of mercury systolic 
and 62 mm. diastolic. Pertinent findings were injected pharynx, moderate injection of both 
eardrums, and cardiac findings indicative of mitral stenosis and regurgitation and aortie 
regurgitation. The pertinent laboratory data are shown in Table I. 

The patient was given penicillin and salicylates. His temperature dropped from 104° F. 
on the day of admission to a maximum of 101° F. on the following day. Subsequently, a 
low-grade fever up to 100,.2° F. persisted for an additional eight days, the total duration 
of fever being ten days. During this period the patient did not appear ill despite the fact 
that a large pulmonary infiltration was observed in the left lung on November 18 (Fig. 2). 
Occasionally he had a slight nonproductive cough. On November 24, physical findings indi 
cative of pulmonary disease were observed for the first time, consisting of slight dullness and 
increased breath sounds at the base of the left lung. No rales were heard. Although the 
patient was asymptomatic ten days after admission to the hospital, x-rays of the chest 
showed exceedingly slow clearing, and at the time of discharge on Decembet 
Figs. 3 and 4). An x-ray of 
the chest taken on Jan. 4, 1949, revealed further clearing and a soft nodular density in the 


17, there was 
only about 50 per cent clearing of the pneumonic process 


fifth left interspace. Furthermore, a small area of greater density was present in the sixth 
left interspace which appeared to be beginning calcification (Fig. 5). On March 21, the 
infiltration had completely disappeared and minute areas of calcification were present in both 
the fifth and sixth left interspaces (Fig. 6). The last film taken on May 9 showed no 
significant changes as compared with that of March 21. Skin tests performed on Dee. 1, 1948, 
with histoplasmin and tuberculin showed 20 mm. and 10 mm, indurations respectively, while 
tests with blastomycin, coccidioidin, and torulin remained negative. 


BACTERIOLOGIC STUDIES 


On admission the throat culture was positive for Staphylococcus aureus, 
and no fungi were isolated. Blood cultures were negative. A blood culture 
obtained on November 17 during the second admission was positive for Histo- 
plasma capsulatum in the yeast phase after incubation in beef infusion broth 
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Fig. 1.—Roentgenogram of the chest taken Sept. 7, 1948, at the time of first admission. 
The hilar lymph nodes appear larger than normal. The lung fields are clear. 

Fig. 2 Roentgenogram of the chest taken Nov. 18, 1948, at the time of second admission. 
There is a large parenchymal infiltration in the left mid-lung field. There is little change in the 
appearance of the hilar lymph nodes. 


Fig. 3.—Dec. 9, 1948. Since the previous examination of Nov. 18, 1948, there has been 
about 50 per cent clearing of the infiltrative process in the left lung. 

Fig. 4.—Dec. 15, 1948. Since the examination of Dec. 9, 1948, there has been only slight 
clearing of the infiltration in the left lung. 
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Fig, 5.—Jan. 4, 1949. There is still considerable infiltration in the left mid-lung field. 
There is an area of focalization in the region of the fifth left interspace. In the sixth left 
interspace there is a small circumscribed area of greater density that appears to be beginning 
calcification. 

Fig. 6 March 21, 1949. There is complete clearing of the infiltration in the left lung. 
Minute areas of Calification are present in both the fifth and sixth interspaces. There is an 


increased amount of calcification in both hilar areas. 
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Fig. 7.—Tuberculate chlamydospores of Histoplasma capsulatum recovered from the blood 
on Nov. 17, 1948. 
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for seven weeks at 37° C. (Fig. 7. No bacteria were isolated. A throat eul- 


ture at this time showed anhemolytie streptococci and Alcaligenes faecalis. Re- 
peated gastric washings were negative for acid-fast bacilli or pathogenic fungi 
in direct smear and culture. Bronchoscopic specimens obtained on December 
10 were negative for acis!-fast bacilli in smear and culture. However, one of 
six mice inoculated with bronchial material and sacrificed six weeks later showed 


lesions in the liver and spleen from which //. capswatum was recovered. 


SEROLOGIC STUDIES (TABLE IT) 


Complement fixation tests with undiluted serum carried out on December 
1 showed a 4+ reaction with the histoplasmin antigen (lot H-15, 1:100 dilution) ; 
on December 20 the reaction was 3+ while on April 2, 1949, the reaction de- 
ereased to 2+. The technique deseribed by Tenenberg and Howell? and Fur- 
eolow and co-workers® was employed in the complement fixation tests. Comple- 
ment fixation tests carried out simultaneously with blastomycin antigen gave 
negative results. Virus and rickettsia complement fixation tests for psittacosis- 
pneumonitis group, Q fever, and influenza A and B on some specimens of this 
sera were repeatedly negative. Serum drawn on December 22 was positive in 
1:20 dilution (4+) with lvmphoeyvtie choriomeningitis antigen but was negative 
with serum drawn on April 2. Repeated tests for heterophile and cold agglutin- 


ins were negative. 


TABLE II. SUMMARY OF VARIOUS COMPLEMENT FIXATION AND OTHER SEROLOGIC TESTS 

DATE 11/26/48 12/1/48 12/20/48 12/22/48 $/2/49 
Histoplasmin 1} 3 2 
Blastomycin 0 () es 0 
Psittacosis-pneumonitis _ ni 0 0 
Lymphocytic choriomeningitis - - - $+ 0 
Influenza A and B . : ° 0) 0 
Q fever - 0 0 
Cold agglutinins 0 0 : 0 0) 
Heterophile 0 (0) 0) 0 


*Undiluted serum. 
fSerum diluted 1:20, 


DISCUSSION 


Although a great deal has been written concerning benign histoplasmosis, 
pulmonary calcification, and recovery from systemic histoplasmosis, relatively 
little has appeared describing in detail the previously hypothesized primary 
phase, which in all probability represents the link between the initial infection 
and pulmonary calcification. Mention is made of nonealcified pulmonary in- 
filtrates by Dickie and Clark,‘ but these authors failed to describe the initial 
infection and the progress of the lesions. 

Sontag and Allen® recently correlated the presence of caleifie and pre- 
calcific pulmonary lesions with histoplasmin sensitivity in a study of 170 ‘‘nor- 
mal’’ children. These authors, however, mention no attempt to isolate an 
etiologic agent. Serial x-rays were made over a period of many months and 
it was possible to study progressive changes in the lungs from the onset of the 
initial lesion through the period of calcification. Their studies showed ‘‘. .. a 
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tendency for calcification associated with positive histoplasmin reactions to be: 
(1) multiple in the parenchyma, often with calcifications present in upper lung 


fields and apices; (2) early in onset, frequently with the initial lesion appear- 
ing before one year of age, the majority before 4 vears of age; (3) preceded 
occasionally by a pneumonie infiltrate early in the infection and (4) progres- 
sive with the development of new lesions and calcifications over a period of 
vears.’’ 

In discussing the possibilities of secondary infection with histoplasmosis, 
Peterson® states that in some instances it is almost impossible clinically to 
differentiate the progressive pulmonary form from pneumonia. Furcolow states’ 
that areas of pneumonitis are seen in children in relationship to the develop- 
ment of histoplasmin sensitivity. Although these areas of pneumonitis were 
often asymptomatic, occasionally they were associated with definite elinical symp- 
toms, especially where there had been marked regional adenopathy and = asso- 
ciated pressure reactions. Some of the lesions have the appearance one would 
expect around a foeal granulomatous lesion at the time sensitivity develops. He 
further states that these lesions are uncommon and that it is often difficult to 
establish the diagnosis. 

In a study of 16,000 school children in Kansas City, Furcolow, Mantz, and 
Lewis* described the roentgenologic characteristics of persistent pulmonary 
infiltrations in 72 asymptomatic patients who were sensitive to histoplasmin 
but not tuberculin. They found that only a few were limited to the lymph 
nodes; a few were of the disseminated type, while approximately two-thirds 
were nodular, sharply eireumseribed foci. The remaining one-fourth were dif- 
fuse, patehy infiltrations with poorly defined borders, which sometimes developed 
into nodular lesions. Similar lesions were seen in a few patients whose symp- 
toms appeared to arise from this infection. In some of the lesions a central 
core of calcification was noted initially or in subsequent films. The lesions 
tended to caleify slowly, and many infiltrations persisted without complete eal- 
cification during the two years of observation. 

These authors also stated that up to the present time they had no eases in 
which the entire progress of events could be observed, i.e., negative chest x-rays, 
negative tuberculin and histoplasmin sensitivity through the appearance of the 
parenchymal infiltrate with concurrent change in cutaneous sensitivity, to the 
final irreversible calcified focus in the lune or node associated with a positive 
histoplasmin test.(and negative tuberculin test). In all probability a longer 
period of observation would be necessary in order to observe the final period 
of ealeification. However, our patient began to show calcification approxi- 
mately 4 months after the appearance of the pulmonary infiltrate. They further 
state that they have seen patients with initially negative x-rays and_histo- 
plasmin reactions who later developed pulmonary infiltrates or hilar adenop- 
athy, or both, together with the development of a positive cutaneous reaction 
to histoplasmin. 

We feel that our case represents the precursor phase of pulmonary ealei- 
fication and, therefore, completes the hypothetical stage proposed by others. We 
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were able to demonstrate the progress of the primary phase ot histoplasmosis 
presumably from the onset of the first symptoms and roentgenologie evidence 
of pulmonary infiltration to final clearing of the lesion and beginning calci- 
fication, correlating the clinical progress of the disease with bacteriologic and 
serologic findings. Radiologie evidence of consolidation was present on Nov. 
18, 1948 (Fig. 2), three days after the onset of symptoms and eighty days 
after the onset of the primary illness (Aug. 31, 1948, when the histoplasmin 
skin test Was positive). It is unfortunate that we failed to do a complement 
fixation test at this time so that it is difficult to determine exactly when the 
primary infection took place. Nevertheless, on the basis of the 2+ histoplasmin 
reaction on November 18 and the subsequent increase in sensitivity associated 
with the strongly positive complement fixation test, in all probability the pri- 
mary infection occurred shortly prior to August 31. Thus, one can postulate 
that the pulmonary infiltration occurred at least eighty-five to ninety days 
or more from the time of the initial infection. 

In our case there may be some question as to the significance of the posi- 
tive tuberculin test. In all probability there is no correlation between the 
positive tuberculin and histoplasmin tests. Had we not obtained a positive 
blood culture and isolated IT. capsulatum from a mouse inoculated with bronchial 
secretions, the diagnosis of histoplasmosis and the significance of the positive 
histoplasmin test would be doubtful. 

Fungus skin tests were performed on other members of the family, all of 
whom are free of pulmonary disease. The mother was histoplasmin and tuber- 
culin positive, and the complement fixation test was negative. The three 
siblings, 28, 15, and 10 years of age respectively, were positive to tuberculin 
and negative to all of the fungus antigens. This suggests that in all probability 
all had a common exposure to tuberculosis. 

The complement fixation test apparently is important in distinguishing 
active and latent or past infections with //. capsulatum. Those with recent 
changes from negative to positive skin sensitivity seem more likely to show 
positive complement fixation, while those with latent or healed infections are 
generally negative.” The finding of a positive complement fixation test for 
lymphoeytie choriomeningitis (see Table Il) was probably due to past infection. 
No virus was isolated from blood or bronchial secretions obtained during the 
acute stage and inoculated into mice and guinea pigs. Three other members 
of the patient’s family who were tested at approximately the same time also 
had positive complement fixation tests for the choriomeningitis virus. The 
family gave a history of living in a house about six months previously that was 
overrun with mice. Moreover the complement fixation test became negative 
when repeated with serum drawn from our patient 101 days after the positive 
specimen. 

SUMMARY 

A ease of primary histoplasmosis in a 12-year-old colored boy, with e¢linieal 
findings of atypical pneumonia, is described. The course of the infection was 
followed from the onset through the stage of pulmonary infiltration to healing 
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as manifested by beginning pulmonary calcification. /7. capsulatum was isolated 
from the blood and bronchial secretions obtained durine the acute stage. The 
patient had a positive complement fixation test for histoplasmosis at the height 
of the pulmonary infiltration which persisted to the time of beginning cealeifica- 
tion four months later. He also had a positive histoplasmin skin test. Benign 
histoplasmosis is discussed with particular reference to precaleifie pulmonary 
infiltrations. 
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LABORATORY METHODS 


A NEW MOUNTING FOR THE ELECTROKY MOGRAPTHI 


NATHAN GROSSMAN, M.D.,* anp Emit TIGER 
(CHICAGO, ILL. 


ie 1945 Henny and Boone!’ successfully employed an electron multiplier photo- 
tube (RCA, 931-A) as a piekup device for the registration of heart motion, 


using the fluoroscope to delineate the eardiae silhouette. Motion of the heart 


borders was translated into a varying electric current which was, in turn, 


recorded as a deflection tracing on an electrocardiograph of either the string 


or D’Arsonval type. The apparatus was termed an ‘‘eleetrokymograph.’’?  Sub- 
sequently Henny, Boone, and Chamberlain? developed an improved mounting 
for the phototube whieh facilitated its use with the ordinary fluorosecope. In 
1948 Luisada and co-workers® modified this apparatus and called their device a 
‘*fluorocardiograph.”’ 

In both instruments positioning of the pickup device slit with respect to a 
given part of the eardiae silhouette is of paramount importance. This was 
accomplished by both groups through the use of a knurled knob which rotated 
the phototube piekup by means of a pulley and belt. The knob projected from 
the operator’s side of the sereen. In the model used by Henny, Boone, and 
Chamberlain,? the phototube was permanently mounted on a bracket whieh 
could be rotated out of the way for routine fluoroscopy. The Sanborn model, 
employed by us, is constructed according to the modifications developed by 
Luisada and co-workers and consists of a pantograph arm which clamps to the 
fluoroseopie screen. Our experience has proved this arrangement to be un- 
wieldy. The phototube tends to rotate after it is positioned and the joints of 
the pantograph arm give way from the weight of the piekup device. In addition, 
it was found that the eables of the phototube head frequently dislodged the 
microphone from its position on the chest when heart sounds were being 
recorded simultaneously with the electrokymograph. 

With these difficulties in mind, we mounted the Sanborn pickup device in 
the center of an aluminum frame which slides into the existing channels of the 
1704 A Picker spot-film device belonging to our x-ray unit. This has the 
advantage of enabling the entire frame and phototube to be readily slid out of 
the fluoroscopic field when not in use; when the operator has located the heart 
border desired, a simple movement of the lead frame holder moves the piekup 
rapidly into position, and thereafter but minor adjustments of the pickup slit 
are necessary. 

From the Cardiovascular Department, Medical Research Institute, Michael Reese Hospital. 
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Fig. 1.—A photograph of the electrokymograph pickup device in the new radiolucent aluminum 
and plastic mounting. Described in text. 





Fig. 2.—The new mounting fitted into the spot-film device. 


Positioning of the slit through 180 degrees is accomplished by a long arm 
parallel with the slit) similar to that used on a camera mounting. Rotating 
this arm through a 180 degree are allows fine orientation of the slit with 





respect to the ecardiae silhouette. Further motion of the phototube is pre- 
vented by a screw at the phototube mounting which is operated by turning 
the handle of the arm. The entire fluoroscopic screen and tube carriage can 
be locked in any position by the brake on the x-ray unit. Since this is a spot- 
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radiographic device, it is possible to obtain 5 in. by 7 in. spot films of the 
phototube pickup head in position on the cardiae silhouette for purposes of 
permanent record. Figs. 1 and 2 are photographs of this new modification. 


SUMMARY 
1. A new mounting for the electrokymograph by use of a spot-radiographic 


device is deseribed. 
2. The advantages of this modification are presented. 


We are indebted to Mr. N. G. Weidman of Picker X-ray Corporation for valuable sug 
gestions. 
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METHODS FOR THE DETERMINATIONS OF RADIOACTIVE 
PHOSPHORUS (P*) IN BODY FLUIDS 
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CuHicago, Iun.,f Rex G. FLUHARTY, PH.D., Boston, Mass.,f AND 


KH. Laskey Taytor, Pu.D., Boston, Mass.§ 
With THE TECHNICAL ASSISTANCE OF Mary I. KenpricK, B.S. 


i bee use of radioactive isotopes in tracer amounts in man imposes the problem 
of the determination of very small quantities of isotopes in the body tissues 
and fluids. This is particularly true when tracers such as P*? are used, since the 
over-all distribution, excretion, and exchange of phosphate are large and rapid. 
To meet this situation, selection and modification of existing methods for the 
isolation and estimation of the various phosphate fractions, both radioactive and 
nonradioactive, are required. 

The purpose of the present communication is to present the techniques de- 
veloped for the investigations of phosphorus metabolism in man using P* as a 
tracer in doses of 100 to 200 microecuries! intravenously. 


APPARATUS 


The Ps? beta radiation) was counted with end-window (bell type) Geiger-Miuller tubes 
and a Tracerlab Autosealer. Both commercially manufactured Geiger-Miiller tubes and those 
assembled by the Massachusetts of Technology were employed. The mean window thickness 
varied from 2 to 5 mg. per square centimeter, The tubes were shielded with 3 to 6 in, of lead. 
The background varied from 0.23 to 0.45 counts per second for different tubes, ‘but was 
essentially constant for any one tube during the period of study. For any given set of ex- 
periments one tube was used. The critiques of measurement were those reviewed by Kamen.? 

Calibration of the Autoscaler was made daily by the use of a standard 60 eycle al- 
ternating current, and the complete assembly was checked by the use of a uranium standard. 
\ manual sample changer was constructed so that each sample was at a fixed and constant 
listance from the Geiger-Miiller tube window. To ensure maximum recording, this distance 


us the minimum required to prevent contamination of the tube by the sample. 


MATERIALS 


Only dried samples were used, and to approximate similar distribution of materials in 

samples, the amount of liquid dried was kept constant throughout these investigations. 

Since 2 ml. was found to be the minimum volume with which accurate counts could be ob- 

ied for the least active samples, the more active samples were diluted so that 2 ml. con- 
ned an appropriate activity. 

Bottle caps,{ prior to the insertion of the cork inlay, were used as expendable containers 

drying samples. Occasionally, such bottle caps were delivered prevarnished. It was 

d necessary to remove the varnish with a concentrated solution of sodium hydroxide. All 

le caps were washed first with acetone to remove machine oil and grease and subsequently 


> 


distilled water and then dried. 


Received for publication, June 6, 1949. 
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Standards were prepared by drying 2 ml. samples of appropriate dilutions prepared from 


L« 





the solutions of P32 which were injected into subjects or added to in vitro reaction mixtures. 
By means of these, corrections for decay of the isotope could be made. 

The method used for drying samples varied depending on the physical characteristics 
and composition of the substance under investigation, The use of the infrared lamp as a 
source of heat provided the most convenient and rapid way of drying samples. Unfortunately, 
it could not be used when the sample contained more than a very small amount of organic 
matter. When plasma, whole blood, or trichloracetic acid filtrates were dried at a high 
temperature, the residues were uneven and often elevated, and considerable error in counting 
resulted. It was found that when samples containing organic matter were dried overnight 
at 38 to 40° C. more evenly deposited dried samples, closely adhering to the sample containers, 
were obtained. 

Great care must be employed to be certain that the samples are thoroughly dry, since 


the presence of even small amounts of moisture has been found to lower the counting rate 





significantly. After most of the moisture had been removed at 38 to 40° C., heating under an 








infrared lamp or in a hot oven at about 100° C, for one to two hours could be carried out to 
ensure complete dryness, without causing irregularities in the deposited material. 
The thickness, consistency, and density of the samples are important factors in the 


accurate estimation of radioactivity because of their well-known effect on the absorption of 


the emitted beta rays. Ideally, all phosphorus-containing fractions should be separated by 
suitable chemical methods and then converted by chemical procedures to inorganie phosphorus 
so that direct comparisons of the radioactivity could be made on the same final substance. 
However, with the use of tracer amounts of P82 in man, separation and conversion to in 
organic phosphate by organie combustion would introduce dilutions so great as to reduce the 
radioactivity in some of the fractions of phosphorus to the point where unfeasibly long 
periods of time would be required for accurate counting. Therefore, no attempt was made 
to convert all fractions to the inorganic form. As a result, measurements were made on dried 


samples of different physical characteristics. This was dictated by the necessity of using 


the maxmium amounts of material in the samples consistent with ease in preparation an 
counting. Since the samples consisted of rather large amounts of material in nonstandard 
geometry and unknown uniformity, the corrections for selfabsorption and other physical 
properties were made empirically. These measurements were also used as a check upon tli 
reproducibility of the data. These corrections will be discussed below in detail for ea 


fraction. 
METHODS 


Oxalated blood samples, cooled in ice, were centrifuged as soon as possible after t 
blood was drawn, and the plasma removed as completely as possible. The red blood cells 
were washed once with ice-cold isotonic sodium chloride solution, centrifuged again, and 
supernatant washings removed as completely as possible and discarded. The washed 1 
blood cells were frozen to prevent hydrolysis of phosphorus compounds and to produce he 
lysis. Plasma and thawed hemolyzed red blood corpuscles were analyzed chemically for total 
phosphorus, total acid-soluble phosphorus, and inorganic phosphorus, and the radioactis 
of these phosphate fractions was determined. Corresponding values for the total orga 
acid-soluble organic, and nonacid-soluble organic fractions were calculated. 

Quantitative volumetric measurement of samples of hemolyzed red blood cells was s 
what difficult because of their high viscosity. Probably the most accurate way of measu! 
them is by weight. This technique is indeed necessary if undiluted red blood cells must 
used. However, as a technique for handling many samples of red blood cells, weighing is 
tremely time consuming. Accordingly, the thawed red blood cells were measured with Ostw 
Folin pipettes calibrated to deliver by blowing out the last drop and transferred to volume 
flasks of desired capacity. The red cells adhering to the sides of the pipette were removed 
repeated washings with distilled water; the washings were added quantitatively to the \ 
metric flask containing the pipetted cells, and the mixture was made up to the desired vol 
with distilled water. Samples from dilutions of five times the original volume of red 
can be pipetted accurately without difficulty and with good duplication of results. 
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1. Total Phosphorus in Plasma and Red Blood Cells.—The total phosphorus concentra 


tion of plasma and red blood cells was determined in samples of suitable size by the colori 
metric molybdate method, after digestion with sulfurie and nitrie acids, as described by 
Fiske and Subbarow.? 

The total P32 content of plasma was determined by counting the beta rays from 2 ml. 
samples of plasma dried overnight at 38° C. 

For the determination of the P82 content of erythrocytes, a 1:5 dilution of hemolyzed 
red blood cells was prepared, and 2 ml. samples of this dilution were dried overnight at 38° C. 
The beta particles emitted were then counted. 

2. Total Acid-Soluble Phosphorus of Plasma and Red blood Cells.—To precipitate the 
plasma proteins, 1 vol. of plasma was mixed with 4 vol, of 10 per cent trichloracetie acid. 
The mixture was shaken well and filtered through Whatman No, 42 filter paper. 

In precipitating the protein from red blood cells, a 1:10 dilution was made instead of 
the 1:5 dilution used for plasma, in order to permit adequate washing of the pipette used to 
measure the cells. Five milliliter samples of hemolyzed red blood cells were pipetted into 
50 ml. volumetric flasks. The pipette was thoroughly washed with water, and the washings 
were transferred quantitatively to the same volumetric flask. Ten milliliters of 20 per cent 
trichloracetie acid were added with shaking. The contents of the volumetric flasks were made 
up to 50 ml. with distilled water, mixed thoroughly by inversion, and filtered through Whatman 
No, 42 filter paper. This preparation contained the same weight of trichloracetic acid per 
milliliter of red blood cells as was used per milliliter of plasma, but the final dilution was 
twice as great in respect to both red cells and trichloracetic acid. Since it was difficult to 
adjust the volume accurately because of foam and floating particles of precipitated protein, 
two preparations of red blood cells were routinely made and a sample was taken from each 
filtrate for all determinations made on the protein-free filtrates. 

The total acid-soluble phosphorus in the trichloracetic acid filtrates prepared from 
plasma and red blood cells was determined by the colorimetric molybdate method of Fiske 
and Subbarow.3 

To determine the P%2 present in the acid-soluble phosphate fractions, 2 ml. samples of 
the trichloracetic acid filtrates obtained from both plasma and red blood cells were transferred 
to bottle caps and dried overnight at 38° C. The emitted beta particles were then counted. 


Inorganic Phosphorus in Plasma and Red Blood Cells.—The inorganie phosphorus of 


the plasma and red blood cells was determined in the protein-free trichloracetic acid filtrates 


hy the colorimetric molybdate method of Fiske and Subbarow.3 

For the measurement of P82 in the inorganic phosphate fraction of plasma and red blood 
ells, the inorganic phosphate was separated from the other forms of acid-soluble phosphate 
by the ecaleium precipitation method of Fiske* with certain modifications and precautions 

ich were found necessary for the final counting techniques, 

Twenty milliliter samples of the trichloracetic acid filtrate, prepared as given in the 
section on acid-soluble phosphorus, were pipetted into 25 ml. volumetric flasks, One or 2 
rops of phenolphthalein were added and the filtrate was carefully neutralized with, first, 

per cent, then normal, and finally, 49 normal sodium hydroxide until a small drop of the 
lj) normal alkali sufficed to produce a faint pink color. If the end point was passed with 
ne of the stronger alkali solutions, trichloracetie acid was added until the solution was color 
s, and the end point established again with 149 normal alkali. It was found to be of the 
eatest importance to avoid an excess of alkali because of subsequent failure to obtain com- 
te solution of calcium phosphate. 

The neutralized filtrate was made up to exactly 25 ml. in the volumetric flasks and 
roughly mixed. Two 10 ml. samples were:measured into conical, graduated, 15 ml. centri 
ve tubes. One tenth milliliter of 0.4 per cent sodium phosphate (approximately 0.1 mg. 
phosphorus) was added to the solution in the centrifuge tube to act as a carrier for the 

P2 during subsequent manipulations. 

Five milliliters of a 10 per cent solution of calcium chloride, saturated with caleium 
lroxide, were then added to the contents of the centrifuge tubes and the mixture was 
wed to stand for ten minutes to ensure complete precipitation of the phosphate as calcium 


sphate. 
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The tubes and contents were then centrifuged for two minutes at 3,000 revolutions per 


minute. This speed of centrifuging was found to be absoluteli necessary for the quantitative 
{ / , 1 





separation of the precipitate from the Supe rnatant liquid. 

The supernatant fluid was eerefully decanted from the precipitate and the tubes were 
drained by standing them inverted on filter paper for a few minutes. 

The precipitate Was washed once by resuspending in a mixture of 4 ml. of distilled 


water and 1 ml. of the CaCl,-Ca(OH), reagent and recentrifuged at 3,000 r.p.m. for two 


minutes. The supernatant liquid was decanted and the tubes again were drained by in 
version. 

Two drops of normal sulfurie acid were added to the calcium precipitate. The gelatinous 
precipitate of calcium phosphate was replaced by a white amorphous precipitate of calcium 
sulfate. Repeated tests have shown that all of the phosphate ion at this stage is in solution. 

The contents of the 15 ml. centrifuge tube were made up to 5 ml, with distilled water, 
stoppered, and thoroughly shaken, The stoppers were removed and the tubes centrifuged for 
about five minutes at approximately 2,000 revolutions per minute. 

Two milliliter samples were pipetted from the supernatant fluid into bottle caps and 
dried. Because of the low salt content and the absence of organie matter in the samples, 
drying was done rapidly under an infrared lamp. The emitted particles from the dried 
samples were then counted. 

4, Urine.—Urine samples were collected for various intervals of time depending on the 
periods of most interest in each individual in vivo experiment. The total volumes were 
measured, and 2 ml. samples of urine were dried and counted with the Geiger-Miller counter 
and Autoscaler. Following the injection of 100 microcuries of P82, the urine of normal sub 
jects was found to contain enough radioactive material so that 2 ml. samples, diluted or un 
diluted, gave counts within an accurate range for five or six days following the administration 
of the isotope. In the first hours the counts were so high that dilution was carried out i 
) 


order to avoid counting errors while maintaining the 2 ml, volume of sample. 


TABLE I, STATISTICAL ANALYSIS OF COUNTING DRIED AQUEOUS SOLUTIONS OF P82 


STANDARD DEVIATION STANDARD DEVIATION 
MEAN” (C.P.S. C#F.8. MEAN C.P.8. CFS. 
1.50 + (7 ae + 46) 
1.61 1] 28.9 5) 
2.74 05 29.1 $3 
1.40 19 QS 70 
4.45 19 30.1 52 
4.65 14 30.5 64 
1.69 ay | 32.6 1S 
5.10 46 13.7 30 
8.04 20 4.9 96 
9.5 6 9.3 6 
11.8 14 12.3 67 
12.2 27 3.3 17 
12.4 40 14.1] 1.18 
i2:5 36 44.1 95 
14.0 00 15.4 86 
14.9 09 SV AR § 59 
15.5 82 67.3 2.24 
16.5 24 101.7 2.45 
18.9 42 104.7 L.86 
18.9 86 120.6 £.39 
19.8 80 210.8 $.04 
21.0 By 220.0 5.50 
21.1 63 
21.4 95 
24.2 .64 
25.9 94 
26.4 ef 
28.0 01 


C.P.S., Counts per second. 

Standard deviation of the mean for the entire series is + 3 per cent. 

*Each figure in the columns ‘‘Mean (C.P.S.)’’ is the mean of six readings, three on ea 
of two duplicate samples. 
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Correction Factors. 

Folin5 recommended that 2 per cent should be subtracted from the values obtained for 
the chemical estimation of total acid-soluble and inorganic phosphate of the plasma in order 
to correct for the volume occupied by the protein precipitate. This correction was applied to 
both the chemical determinations and to the counting rates observed for these two plasma 
fractions. 

It was determined experimenteily that the protein from red blood cells occupied ap 
proximately one tenth of the tota! volume in the dilution used. Accordingly, 10 per cent was 
subtracted from the chemical results and also from the counting rates obtained for total acid 
soluble and inorganic phosphorus in the red blood cells. 

As pointed out earlier, additional corrections were necessary for some of the radioactive 
preparations because of errors in counting introduced by the physical characteristics and 
geometry of the dried samples. In addition, all results obtained with a Geiger-Miiller counter 
and Autoscaler are subject to certain intrinsic instrumental inaecuracies. 

Dilutions of aqueous solutions of radioactive sodium phosphate were prepared from 
which duplicate 2 ml. samples were pipetted into the same type of bottle caps used in all 
subsequent experiments. After the samples were thoroughly dried, each of the duplicates 
was counted three times. In the first column of Table I are given the means of the six read 
ings taken on each of the fifty samples, The standard deviation from the mean of the entire 


series, after correcting for background, was approximately + 3 per cent. 


TABLE IT. EFrrect oF VARYING AMOUNTS OF ALBUMIN ON P82 COUNTING RATE 


WT. OF ALBUMIN SAMPLE (MG. PER CM.2) PER CENT OF COUNTS ‘‘LOST’’ 
Diz 0 
8.2 | 0 
10.5 0 
ae 3 
15.9 } t 
18.5 D 
21.0 7 
27.3 9 
10.4 | 15 
52.9 18 
66.7 | 23 
79.6 | 2°26 
92.4 30 

105.0 3 


*All figures are based on the average of duplicate determinations, three observations being 
taken on each of the duplicates. 


TABLE III. EFrrecr oF VARYING AMOUNTS OF TRICIILLORACETIC ACID ON P82 COUNTING RATE 


WT. OF TRICHLORACETIC ACID SAMPLE 


(MG. PER CM.2) PER CENT OF COUNTS ‘‘ LOST’ ”* 
Lo 0 
Led 0 
3.4 0 
5.2 ] 
Q5 | ° 
Lt.3 2 
14.0 ) 
15.9 2 

17.8 3 
18.2 | 6 
93 7 | 5 
Z3. | : 
24.4 | 6 
27.0 15 
29.8 9 
37.9 18 
44.0 | 24 
ys 30 


*All figures are based on the average of duplicate determinations, three observations being 
ken on each of the duplicates. 
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Additional errors, most likely introduced by the thickness and uneven surfaces of the 
dried samples, were present. Kamen? has stated that the beta rays from P%2 may show sig 
nificant absorption due to thickness of the sample film when the weight of the sample exceeds 
15 to 20 mg. per square centimeter. Table IL shows the corrections necessary when known 
amounts of P82 were added to varying concentrations of human serum albumin. The samples 
were measured into weighed bottle Caps, thoroughly dried, and reweighed., From physical 
measurements the area of the bottle caps was estimated to be 4.9 ¢m.2, and the milligrams 
per square centimeter of albumin were calculated for each sample. In Table IIT correction 
factors derived from a similar experiment with trichloracetic acid are given. In both cases, 
as expected, the counting rate decreased as the thickness of the dried films increased. These 


results will be discussed later. 


RESULTS 

Total P*? in Plasma.—To determine the correction factor which should be 
applied to the results obtained for total P** in plasma, a series of twenty samples 
Was prepared containing plasma to which known amounts of P*? were added in 
vitro. The dilution necessarily introduced by the addition of P*? solution was 
kept as small as possible and never exceeded 2 per cent of the total volume. The 
readings were compared with those of 2 ml. amounts of aqueous solutions con- 
taining the same concentrations of P*? as the plasma preparations. Each sample 
was counted at least three times. The resultg obtained by counting the emissions 
from the aqueous preparations were regarded as 100 per cent recovery. Sta- 
tistical analysis of the results showed the average recovery in the plasma samples 
to be 89 per cent with a standard deviation of +8.95 (Table IV). On the basis 


of the recovery experiments, a correction factor of +11 per cent was applied to 


TABLE IV. RECOVERY OF P32 IN PLASMA 
(1.98 ML. OF PLASMA IN 2 ML. SAMPLES; 0.02 ML. AQUEOUS P82 SOLUTION 


PER CENT RECOVERY PER CENT RECOVERY 
87 86 
S7 93 
92 93 
92 81 
9] 82 
87 90 
86 9] 
89 9] 
90 89 
92 98 

Mean recovery 89 per cent 
Standard deviation +3.95 


*Each figure is based on the average of at least three observations. 


all counts observed for total P** in plasma. Two milliliters of normal humat 
plasma when dried were found to weigh on an average about 34 mg. per squar 
centimeter. Table Il shows a loss of 12 per cent of added P*? in the presence 
of albumin of equivalent weight, which agrees closely with the recovery experi 
ments presented in Table LV. 


Total P*?? in Red Blood Cells—The weight of 2 ml. of a 1:5 dilution of red 
blood corpuscles was found to be approximately 21 mg. per square centimete! 
Krom Table II it might be predicted that about 94 per cent of the radioactivity 
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present would be detected. To study this point more thoroughly, twenty-eight 
in vitro recovery experiments were performed in which 2 ml. samples of red 
blood cells diluted 1:5 and containing known concentrations of P*? were dried 
and counted. Each sample was counted at least three times. The average re- 
covery of the added P*? was 95 per cent (standard deviation of +3.9) of that 
observed tor dried aqueous solutions containing the same concentrations of P*’. 
(Table V.) This is in excellent agreement with the expected recovery. Con- 
sequently, a correction of 5 per cent was applied to the observed counts for 
total P*? in red blood cells. 


TABLE V. RECOVERY OF P32 ADDED TO RED BLOOD CORPUSCLES DILUTED 1:5 WITH 
DISTILLED WATER 


PER CENT RECOVERY PER CENT RECOVERY 
99 93 
99 99 
98 96 
93 90 
94 94 
95 93 
92 95 
90 98 
92 97 
90 98 
96 99 
105 99 
88 96 
89 94 

Mean recovery 95 per cent 
Standard deviation +3.9 


*Icach figure is based on the average of at least three observations. 


P*? in the Total Acid-Soluble Phosphate Fraction of Plasma.—To determine 
the necessary correction factor for the measurements of P*? in the total acid- 
soluble phosphate fraction of plasma, thirty-two samples were prepared contain- 
ing known amounts of P**? and 0.16 Gm. of trichloracetie acid in 2 milliliters. 
This concentration of trichloracetic acid was the same as that of the plasma 
filtrates. Each sample was counted at least three times. The average recovery 
was found to be 88 per cent with a standard deviation of +7.48 as compared with 
aqueous dilutions containing the same amount of P*? (Table VI). Two milli- 
liter samples of the trichloracetie acid filtrate prepared from plasma were found 
to weigh about 37 mg. per square centimeter. Table III indicated that a re- 
covery of 82 per cent of the added P*? would have been expected on the basis 
of film thickness. Thus, the observed mean recovery agrees well with this value. 
The fairly large standard deviation is probably due to the very considerable 
physieal differences in the dried trichloracetie acid film. Modifications of this 
part of the procedure are proceeding. 

A series of experiments was performed which indicated that filtration 
through Whatman No. 42 paper did not contribute to losses in radio activity. 
Consequently, the observed counts for the total acid-soluble fraction of plasma 
were corrected on the basis of the in vitro recovery experiments presented in 
lable VI, which showed an average loss of 17 per cent of added P**, together 
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TABLE VI. 


ADAMS, 


RECOVERY OF 


LEVENSON, 


IN 2 ML. 


(CORRESPONDS TO PLASMA TOTAI 


PER CENT RECOVERY 


69 
85 
85 
84. 
64 
64 
84 
83 


a 


re 


DH WO WC 
toaOw apc 


*Iach figure is based on the 


with the eorrection of 2 


precipitate. 


Henee, 15 


per 


Mean recovery 8 


Standard 


average 


cent 


acid-soluble phosphate in plasma. 


deviation 


FLUHARTY, 


ACID-SOLUBLI 


AND TAYLOR 


P32 IN TRICHLORACETIC ACID, 0.16 GM. TRICHLORACETIC ACID 


i RACTION ) 


PER CENT RECOVERY 


4 per eent 
+7.48 


S4 
S4 
83 
78 
87 
97 
78 
84 
92 
84 
82 
S4 
&9 
92 
94 
94 


of at least three observations. 


was added to all counts observed 


per cent to compensate for the volume of the protein 


for total 


P*? in the Total Acid-Soluble Phosphate Fraction of Red Blood Cells. 
Two milliliter samples obtained from red blood cell protein-free filtrates con 
tained 0.08 Gm. of trichloracetie acid and were found to weigh approximately 
17 mg. per square centimeter. 
this 
2 and 0.08 Gm. of 


Table III shows a recovery of about 97 per 


cent for samples of weight. Eighteen recovery experiments containing 


known amounts of P trichloracetic acid in 2 ml. amounts 
were counted and found to have an average of 97 per cent recovery of the 
(Table VII). Again, the fairly 


for by differences in the 


added P*? with a standard deviation of + 6.1 


large standard deviation is probably accounted 


physieal characteristics of the dried trichloracetic acid film. Since no counts 


were considered to be more accurate than 


3 per cent, no corrections were made 


for absorption due to thickness of film, but 10 per cent was subtracted from 
all counts observed in the total acid-soluble phosphate fraction of red blood 


cells to correct for the volume occupied by protein. 


TABLE VII. 


RECOVERY OF 


32 IN TRICHLORACETIC ACID, 0.08 GM. TRICHLORACETIC ACID 


IN 2 ML. 


(CORRESPONDS TO RED BLoop CELL TOTAL ACID-SOLUBLE FRACTION ) 


PER CENT RECOVERY 


110 
108 
94 
93 
93 
89 
100 
102 
102 


Mean recovery 9 


Standard 


deviation 


PER CENT RECOVERY 


f per cent 
+6,12 


104 
100 
98 
95 
90) 
94 
92 
92 


95 


*Each figure is based on the average of at least three observations. 
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P*? in the Inorganic Phosphate Fraction of Plasma and Red Blood Cells. 

No corrections for loss of P*? by selfabsorption were applied to samples of 
inorganic phosphate. These samples, when dried, weighed about 1 mg. per 
square centimeter. Sixteen recovery experiments showed an average recovery 
of 98 per cent of added P*? with a standard deviation of + 4.2 (Table VIII). 
Two per cent was subtracted from the observed counting rates for plasma 
to correct for the volume occupied by protein. For the same reason, 10 per 
cent was subtracted from results obtained for red blood corpuscles. 


TABLE VIII. RECOVERY oF P22 IN INORGANIC PHOSPHATE FRACTIONS 


PER CENT RECOVERY 
PLASMA RED BLOOD CELLS 

Q5 103 
95 94 
90 96 
92 101 
95 97 
94 96 

105 

106 

100 

98 

Mean recovery 98 per cent 
Standard deviation +42 


*IKach figure is based on the average of at least three observations. 


P*? in Urine.—Urine samples appeared to offer no difficulties from the 
standpoint of counting techniques. Their thickness and consistency did not 
differ enough from that of the control aqueous solutions of P*? as sodium phos- 
phate to introduce any significant errors. All of the in vitro tests performed 
in which known amounts of P*? were added to urine indicated 97 to 103 per 
per cent recovery of the added P*?. Some modification of the method might 
be necessary for urine containing large amounts of protein, but such complica- 
tions have not been encountered. 

It is apparent from the data presented that numerous corrections, prin- 
cipally for selfabsorption, are required in order to make reliable determinations 
of P*? in plasma and red cells by beta particle counting. The correction factors 
necessary may be determined experimentally, as in the present communieation, 


or selfabsorption correction factors may be approximated from the following 


equation presented in a simplified theory in an article by Fluharty® : 


N 1 
No u , 


> 


(1 


vhere No is the counting rate without absorber, N is the counting rate with 

grams per square centimeter of absorber, and yp is the mass absorption co- 
cffielent. 

The relation between » and the maximum beta ray energy is given roughly 
max > 0.5 mev) by 
w= 22/Emax4/3 

‘here Emax is the maximum energy of the beta rays emitted. Emax is 1.72 

lev, and pb is 10.7 for P*?. 
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ig. 1 presents a plot of the theoretical ratio —— as a function of milli- 
NO 


grams of sample in each square centimeter assuming that the total activity is 
contained in each sample, but uniformly distributed throughout. Also plotted 
are the observed values as found experimentally. It may be seen that the 
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Fig. 1.—Relationship between ratio of ‘‘observed’’ and ‘‘true’’ counts and milligrams pet 
square centimeter sample counted. Solid line represents the theoretical counts based on the 
relationship between beta ray energy and miligrams per square centimeter, as shown in the 
equation on the chart. 


agreement between theory and experiment is good to within 5 per cent. Ex- 
cept for isolated instances, the fraction of counts observed was greater than the 
experimental value, but the shape appears proper aside from low quantities of 
absorbing materials. The diserepaney at low grams per square centimeter is 
not unexpected, although a satisfactory explanation with experimental proof 
has not been given. Most likely the variation from theory represents low read 
ings in the standard due to piling up on the edges and subsequent poor geom 
etry with respect to the Geiger tube. The spread in value ean be attributed to 
the differences in the physical character of the different samples. 


SUMMARY AND CONCLUSIONS 


1. Methods are described for the determination of radioactive phosphorus 
in plasma, red blood corpuscles, and urine following the intravenous injection 
of 100 to 200 microcuries of the isotope in normal human subjects. Thess 
methods also are applicable to in vitro experiments. 

2. The separation of the total acid-soluble and inorganie phosphate frac 
tions of plasma and red blood corpuscles is described and the procedures used 
for preparing and counting radioactive samples [rom these fractions are given 
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3. Losses of radioactivity by selfabsorption in thick samples are discussed. 
4. Certain correction factors are necessary for comparison of counting 
rates obtained in samples possessing different physical characteristics. The 


derivation and use of sueh correction factors are discussed. 
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A METHOD FOR DETERMINING a-AMYLASE ACTIVITY 


EK. P. Zrnker, M.A., anno F. J. Rerruen, Pu.D. 


KUGENE, ORE. 


eon recently, methods for determining a-amylase activity in serum or 
urine were based on the estimation of the reducing sugars formed during 
the enzymic hydrolysis of starch. From the work of Cattle and Hanes' it be- 
came apparent that the rate of starch hydrolysis could be followed by deter- 
mining the decrease in starch concentration as measured by the color of the 
starch-iodine complex. During the last vear, while the present work was in 
progress, two communications appeared? * which describe methods based on 
this principle. It is clear from these investigations, and from our own, that 
a-amylase initially catalyzes the production of starch fragments which yield a 
different color (or none) with iodine than does stareh; that the decrease in 
starch concentration, as evidenced by the starch-iodine complex color, can be 
estimated accurately photometrically ; and that the decrease in starch concentra- 
tion initially is a measure of a-amylase activity. Because of the appearance ot 
the latter publications? * our own experiments concerning the basic principles 
will not be reported. This paper will be limited to a description of the method 


developed which seems somewhat simpler than those previously described and 


appears to be quite suitable for routine work. 


METHOD 


Reagents.—1. Starch solution, 0.1000 Gm, of Merck soluble starch and 0.8 Gm. Natl 
were dissolved in 250 ml. 0.1M Na,HPO,-KH,PO, buffer, pH 7.0. This solution cannot be 
stored for more than one or two days. 

2. Iodine solution. 1.27 Gm. iodine and 10 Gm. KI were dissolved up to 1,000 ml. wit! 
distilled water. If stored in a olass stoppered bottle the solution is stable for about one 
month. 

Procedure.—To numbered Klett tubes containing 3.0 ml. ice-cold starch solution are 
added 0.5 ml. aliquots of whole serum or serum diluted with normal saline, A blank was in 
cluded. The contents of the tubes are quickly mixed and incubated in a 87° C,. water bat! 
for exactly five minutes and then placed in an ice-water bath. Using the same order of ad 
dition, 3.0 ml. of the iodine reagent are added immediately and rapidly from a burette. After 
several minutes, 4.0 ml. distilled water are added and the contents well mixed, In exactly 
fifteen minutes from the time of addition of iodine reagent the color is read with the lett 
Summerson photoelectric colorimeter using filter 66. It should be noted that the iodine ré 


agent slows amylase action markedly but does not abolish it completely. 
RESULTS 

To assay the sensitivity of the method and linearity of response, the fol 
lowing experiment was performed. Aliquots of a normal serum were diluted 
with 0.9 per cent saline as indicated in Table I and the a-amylase activity was 
determined as described in the previous section. The results indicate that a: 
little as 0.1 ml. of serum ean be used and that there is a linear relationship bi 
tween enzyme activity and starch-iodine color. 


From the Department of Chemistry, University of Oregon. 
Received for publication, June 20, 1949. 


1312 








METHOD FOR DETERMINING @-AMYLASE ACTIVITY 1318 





TABLE I, a-AMYLASE ACTIVITY OF DILUTED SERUM 


ML. WHOLE SERUM PER 0.5 ML, ALIQUOT 


OF DILUTED SERUM OPTICAL DENSITY 1,000 
0 350 
0.100 256 
0.250 192 
0.333 164 
0.400 35 
0.500 104 
If it is desirable, enzyme activity can be expressed in units. One unit is 


defined as the amount of enzyme in 1.0 ml. which causes the hydrolysis of 0.01 
me. of starch in one minute at 87° C. in a phosphate buffer of pH 7.0. There- 


fore, 
A 
Ba: (3 RB 
0.01 x 5 x 0:5 UnItS 


» 


where A is the density reading of the unknown, B is the density reading 
of the blank, 1.2 is the number of milligrams of starch in 3.0 ml. of substrate, 
0.01 is the number of milligrams of starch hydrolyzed per unit activity per 
minute, 5 minutes is the duration of incubation, and 0.5 is the number of milli- 
liters enzyme solution taken, 


TABLE II, REPRODUCIBILITY OF a- AMYLASE ASSAY METHOD 


INEXPERIENCED STUDENT EXPERIENCED STUDENT 

DENSITY x DENSITY 
SAMPLE 1,000 UNITS 1,000 UNITS 
A 151 27.2 150 ules 
149 PA BRS 149 27.9 
149 21.3 1LS3 27.0 
B 11] 32.8 109 33.0 
103 33.9 104 33.8 
104 33.8 102 34.0 

Blank 350 350 


In order to judge reproducibility, the results of a student performing the 
test for the first time were compared with those obtained by one having experi- 
ence with the method. The data are summarized in Table II. The time re- 
quired for the analysis of six samples is approximately thirty minutes. 

Sera from several students selected at random were assayed for a-amylase 

tivity. Table III indicates the range of normal values obtained. 


TABLE III. a-AMYLASE ACTIVITY OF NORMAL SERA 


SUBJECT AGE | ACTIVITY IN UNITS 
Male 28 ad ee 
Female 23 33.6 
Male 26 32.8 
Male 24 28.8 
Male 27 28.4 


































ZINKER AND REITHEL 


SUMMARY 





A simple photometric method for determining a-amylase activity has been 
developed which is applicable as a routine method in the clinical laboratory. 
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A SIMPLE, INEXPENSIVE APPARATUS FOR THE DESICCATION OF 
BACTERIA AND OTHER SUBSTANCES 


J. W. HorNIBROOK* 
3ETHESDA, Mp. 


II. advantages of desiccation from the frozen state have been mentioned 
many times in the literature. The principles involved will not be detailed 
here, as the reader may find there in many excellent reviews such as those of 


‘and Flosdorf and co-workers.* 


(Greaves 

The apparatus to be described has the following advantages: (1) the 
device is simply and easily constructed; (2) the cost of operation is low; (3) 
it is versatile. Material may be dried at various temperatures and to a definite 
moisture content. The dried material may be sealed off in vacuo or under 
various gases. 

CONSTRUCTION 

The apparatus, as seen in the photograph, Fig. 1, is quite simple. It 
consists of a Pyrex eylinder about 2 in. in diameter, supported horizontally, 
and of a length to suit the convenience of the operator. It is closed at 
both ends and has a ground-glass stopper on the top. Five or more side arms 
of 4 in. glass tubing extend out on each side at about 10 and 2 o’elock to 
which are fastened, by means of rubber tubing, the F tubes and ampules. The 
evlinder will conveniently hold 100 ¢.¢. of sulfurie acid, which is the drying 
agent. 

OPERATION 


The sulfurie acid is placed in the apparatus with the aid of a funnel. The 
stopper is greased with silicone stopcock grease and replaced. The F tubes, 
ampules, and rubber tubing are also lightly coated with silicone grease and 
placed on the side arms. The small U-tube mercury manometer is placed on 
the special arm at one end and the vacuum pump connected to the other. The 
ampules are frozen in a bath of dry ice (solid carbon dioxide) and alcohol, and 
the vacuum pump is turned on. When a vacuum of 0.5 mm. or more is obtained, 
the dry ice and alcohol bath is removed and the material allowed to dry. The 
liquid in the ampules may be ‘‘snap frozen’’ if dry ice is not available. This 
is done by cautiously opening the connection between the pump and the machine. 
Air in solution in the material to be dried will be evolved as bubbles. When 
all this air is expelled, the connection between the pump and the machine may 
then be opened completely. The contents of the ampules then will rapidly fall 
in temperature and within a few minutes will suddenly freeze. The size of the 
impule should be large in proportion to the amount of liquid, to prevent bubbles 
ing drawn into the neck of the ampule. After a vacuum has been obtained, 
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the pump may be clamped off and disconnected for the duration of the run. The 


small manometer on one end will indicate any leakage of air. Ordinarily the 
outfit will hold a vacuum for weeks. 
Two precautions are to be taken when using this apparatus. First, if the 


whole stand is not occasionally gently tilted during the early rapid drying, a 


Fig. 1.—Photograph of apparatus. 


film of moisture will float on the surface of the acid and reduce the drying 
speed. Second, the evlinder should be clean. Sulfurie acid is not volatile at 
ordinary temperatures. Ilowever, if the apparatus is not clean, salts such as 
sodium chloride may react with the sulfurie acid producing volatile acids, such 
as hydrochlorie acid, which may damage the pump. 

Material may be dried to a predetermined moisture content by choosing 
the proper concentration of sulfurie acid. This concentration may be found on 
the three-dimensional graph, Fig. 2. 

This graph should be viewed in perspective. The vertical lines on the graph 
represent water vapor tension. The numerical values can be read off on the top 
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line. The next line indicates the temperatures of a condenser which in a closed 
system will produce these vapor pressures. The next seven lines indicate the 
percentage by weight of sulfurie acid necessary at several temperatures to 
produce these pressures. On the lower left are indicated the final tempera- 
tures of the dried milk. 

If one wishes to dry milk to a moisture content of, for example, 2.5 per 
cent at room temperature (25° (.), one chooses a bar which is the same length 


as the distance from 0 of the moisture seale to the 2.5 mark. This bar should 
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Relationship between moisture content of various substances and vapor pressure 
equilibrium (three days at 35° C.). 


rest on the 25° ©. line. Following vertically upward from the base of this 
bar, we find a vapor tension of 1.2 mm. of He. On this same line, we find 
15° ©., which is the temperature of a condenser giving this vapor pressure 
If we wish to use sulfuric acid as a desiccant at room temperature, we find 
that approximately 69 per cent will be right. 

In Fig. 2 the moisture content of milk was determined by placing weigh- 
ing bottles of dried milk in desiceators over various concentrations of sulfuric 
acid until the weight remained constant. They were then held over P.O 
under a vacuum to constant weight. The loss of weight over P.O; was con- 
sidered a water loss. Knowing the weight of the sample, the moisture content 
was ecaleulated, The other data included were obtained from standard 


tables,* ° 
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The chart (ig. 2) was based on skim milk as we have found this a 
suitable vehicle for drying organisms. The data in Fig. 2 will not apply 
when predicting the moisture content of other substanees dried over sulfuric 
aeid. 

As shown in Fig. 3, nutrient broth, skim milk, rabbit brain, and human 
plasma have been dried for three days over several concentrations of sulfurie 


acid. Each concentration of sulfurie acid will produce a different water vapor 
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TIME IN HOURS FROM ESTABLISHMENT OF VACUUM 
Fig, 4. Relation between moisture content of milk and time of desiccation on the 
ipparatus described, Moisture contents determined with Fischer reagent.’ Irregularity at 6 
hours probably due to absorbtion of water into ampule which was removed in the evening and 
tested the next morning. 


tension. It is apparent that for any given vapor tension the moisture con- 
tent of one substance may differ from the moisture content of another. 

Desiccation with this apparatus is quite rapid, as illustrated in Fig. 4. It 
can be seen that equilibrium has been reached in five hours. 

Using Vibrio cholerae as a test organism, drying runs were made on this 
apparatus and on another manifold type of apparatus which employed dry 
ice and Methyleellosolve for moisture removal. On three runs using sulfuric 
acid, the percentage of organisms remaining viable after drying, as determined 
by plate counts done before and after drying, was 1.3 per cent, 0.05 per cent, 
and 0.5 per cent. The percentage of viable organisms on two ruus with dry 
ice was 0.4 per cent and 0.05 per cent. 
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SUMMARY 


An apparatus is deseribed for desiceation of biologicals and other substances 
which is cheap in initial and operational cost and which will dry to a pre- 


determined moisture content. A graph is presented showing the relations be- 


tween the moisture content of milk, sulfuric acid concentration, condenser 
temperature, and vapor tension. 
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ERRATUM 
In the article by Innes, Innes, and Moore, ‘‘The Hematologic Changes Induced in 
Guinea Pigs by the Prolonged Administration of Pteroyl Glutamic Acid Antagonists,’’ 
in the July issue of the JOURNAL, Met-Fol-B was stated to be 7 methyl pteroie acid. That 
is incorrect. Met-Fol-B is N10°-methyl pteroic acid. In the list on p. 885, therefore, and 


throughout the article, please read N10-methyl pteroic acid instead of 7 methyl pteroic acid 





